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Executive  Summary 


The  Deloro  Mine/ Refinery  Site,  located  in  Eastern  Ontario,  began  operation  as  a  gold  mine 
in  the  1860s.  Over  the  next  100  years,  site  activities  also  included  the  smelting  and  refining 
of  a  number  of  other  elements  including  arsenic,  silver,  and  cobalt.  Activities  associated 
with  the  mining,  smelting  and  refining  of  metals  ceased  in  the  1950s.  These  historical 
activities  at  the  site  have  resulted  in  significant  environmental  impacts  to  the  soil, 
groundwater,  surface  water  and  sediment  quality  both  onsite  and  offsite. 

Abandonment  of  the  site  by  its  owner(s)  forced  the  Ontario  Ministry  of  the  Environment 
(MOE)  to  take  control  of  the  property  in  1979  and  to  initiate  control  measures  to  limit  the 
environmental  impact  from  the  site.  Remedial  initiatives  by  the  MOE  have  resulted  in 
reductions  of  arsenic  loadings  to  the  Moira  River.  Arsenic  loading  to  the  Moira  River  has 
been  reduced  by  more  than  80  percent  from  an  annual  average  of  52.1  kg/ day  in  1979  to  an 
annual  average  of  less  than  10  kg/ day  since  1983. 

To  provide  further  treatment,  and  to  mitigate  any  unacceptable  impacts  on  human  health 
and  the  environment,  CH2M  HILL  Canada  Limited  (CH2M  HILL,  formerly  CH2M  Gore  & 
Storrie  Limited  [CG&S])  was  retained  by  the  MOE  to  develop  and  implement  a 
comprehensive  rehabilitation  program  focusing  on  four  individual  areas  of  concern  at  the 
Deloro  Mine  Site.  These  areas  included  the  Mine  Area,  the  Industrial  Area,  the  Tailings 
Area,  and  the  Young's  Creek  Area.  The  purpose  of  this  report  is  to  identify  and  evaluate 
remediation  alternatives  for  the  Industrial  Area  and  to  select  a  recommended  alternative 
based  on  the  evaluation. 

The  Industrial  Area  is  where  the  smelting  and  refining  of  the  various  ores  were  carried  out. 
Many  of  the  by-products  of  these  processes  still  remain  in  the  Industrial  Area,  and  include 
the  following  special  materials:  calcium  arsenite,  slag,  and  gold  mine  tailings.  Investigations 
(CG&S,  June  1999)  indicate  that  some  of  the  slag  and  tailing  materials  are  radioactive.  Ferric 
arsenate  sludge  from  the  wastewater  treatment  plant,  composed  mostly  of  ferric  arsenate,  is 
also  located  in  a  settling  lagoon  in  the  southeast  portion  of  the  Industrial  Area.  Other 
miscellaneous  materials,  such  as  building  rubble,  box  inspection  holes,  and  metal  storage 
tanks  are  also  scattered  throughout  the  site. 

Groundwater  monitoring  indicates  that  the  groundwater  in  the  Industrial  Area  contains 
elevated  levels  of  arsenic  and  other  metals  (e.g.  cobalt,  copper,  mercury,  and  lead),  while 
surface  water  monitoring  shows  that  arsenic  continues  to  enter  the  Moira  River  from  the 
site.  In  1996,  for  instance,  surface  water  monitoring  illustrated  that  a  total  arsenic  load  of 
approximately  3.2  tonnes/year  from  the  Deloro  site  entered  the  Moira  River.  A  water  and 
load  balance  model  developed  for  the  mine  site  (CH2M  HILL,  March  2002a)  indicated  that 
loading  from  the  west  bank  of  the  Moira  River  is  the  main  area  of  arsenic  loading  from  the 
Deloro  site,  contributing  at  least  98  percent  of  the  total  loading.  The  analysis  estimated  that 
groundwater  from  the  west  bank  of  the  Moira  River  contributes  approximately  75  percent  of 
the  total  site  loading  for  arsenic  with  69  percent  of  it  from  the  Industrial  Area.  The  analysis 
also  estimated  that  surface  water  runoff  from  the  west  bank  of  the  Moira  River  contributes 
approximately  7  percent  of  the  total  site  loading  for  arsenic,  but  may  be  as  high  as  37 
percent  depending  on  the  actual  level  of  arsenic  in  the  runoff. 
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The  evaluation  of  remediation  alternatives  was  conducted  in  three  stages.  The  first  stage 
involved  the  screening  of  conceptual  remediation  methods  and  was  designed  to  identify, 
early  in  the  evaluation  process,  the  most  promising  methods  for  site  remediation.  In  the 
second  stage,  comprehensive  remediation  alternatives  were  developed  by  combining  the 
primary  remediation  methods  that  satisfied  the  first  screening  process  with  enhancing 
environmental  protection  features.  Finally,  in  the  third  stage,  the  comprehensive 
remediation  alternatives  were  compared  to  detailed  evaluation  criteria  reflecting  technical, 
cost,  natural  environment,  and  social  considerations.  The  comprehensive  remediation 
alternative  that  was  judged  to  be  the  most  effective  and  efficient  means  for  remediating  the 
Industrial  Area  was  then  recommended. 

The  first  step  in  the  generation  of  remediation  alternatives  was  the  development  of 
conceptual  remediation  methods.  The  conceptual  remediation  methods  that  were  identified 
for  the  Industrial  Area  are  as  follows: 

Do  nothing 

Recycling/ mineral  recovery 

Enhanced  groundwater  collection 

Stabilization/  solidification 

Consolidate  and  cover 

Cap/ cover  in  place 

Divert  groundwater/ surface  water  flow 

Full  encapsulation 

Full  encapsulation  and  contaminant  leaching 

These  methods  were  then  screened  to  eliminate  alternatives  that  would  not  be  effective, 
would  not  comply  with  regulatory  requirements,  or  that  could  not  satisfy  the  design  closure 
criteria  for  the  site.  The  methods  that  were  not  rejected  were  classified  as  either  primary 
remediation  methods  or  enhancing  protective  features.  Primary  remediation  methods  are 
methods  that  have  the  ability  to  significantly  reduce  contaminant  loading  to  the 
environment.  Methods  that  cannot  reduce  contaminant  loads  alone  can  be  combined  with 
the  primary  remediation  alternatives  to  provide  additional  protection.  The  combination  of 
primary  remediation  methods  and  enhancing  protective  features  forms  the  comprehensive 
remediation  alternatives. 

The  comprehensive  remediation  alternatives  were  screened  a  second  time  using  the 
exclusionary  criteria.  This  step  was  completed  to  ensure  that  the  addition  of  an  enhancing 
protective  feature  to  a  primary  remediation  method  did  not  undermine  that  method's 
ability  to  mitigate  risks  to  human  health  and  the  environment.  In  the  case  of  the  Industrial 
Area,  16  comprehensive  remediation  alternatives  satisfied  the  exclusionary  criteria  and 
constitute  the  short  list  of  remediation  alternatives  that  was  evaluated  in  detail. 

1.    Consolidate  and  cover 

a)  Consolidate  and  cover  with  ground  and  surface  water  flow  diversion 

b)  Consolidate  and  cover  with  ground  and  surface  water  flow  diversion  and  selected 
solidification 

c)  Consolidate  and  cover  with  ground  and  surface  water  flow  diversion  and  selected 
offsite  disposal 

d)  Consolidate  and  cover  with  ground  and  surface  water  flow  diversion  and  enhanced 
groundwater  collection 
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e)  Consolidate  and  cover  with  ground  and  surface  water  flow  diversion,  selected 
solidification  and  enhanced  groundwater  collection 

f)  Consolidate  and  cover  with  ground  and  surface  water  flow  diversion,  selected  offsite 
disposal  and  enhanced  groundwater  collection 

2.  Cap/  cover  in  place 

-     with  options  a)  through  f)  as  above 

3.  Full  encapsulation 

a)    Full  encapsulation  and  enhanced  groundwater  collection 

The  detailed  evaluation  resulted  in  the  following  comprehensive  remediation  alternative 
being  recommended  for  the  Industrial  Area: 

•     Consolidate  and  cover  wastes  -  Groundwater  and  Surface  Water  Flow  Diversion.  This 
comprehensive  remediation  alternative  is  the  most  economical  of  the  ones  that  were 
evaluated  to  be  satisfactory  at  a  net  present  value  of  $21,404,500.  In  principle,  it  has  the 
potential  to  minimize  contaminant  migration  to  the  environment  and  is  amenable  to  the 
addition  of  contingency  features  if  required. 

The  recommended  alternative  for  meeting  site  closure  objectives  was  based  on  minimizing 
the  footprint  of  the  leachable  wastes  in  the  Industrial  Area,  protecting  these  wastes  from  the 
elements  by  encapsulating  them  under  an  engineered  cover  designed  to  minimize 
infiltration,  and,  by  diverting  groundwater  from  the  wastes  and  surface  water  from  the 
engineered  cover.  Portions  of  the  Industrial  Area  where  less  leachable  wastes  will  remain 
(e.g.  the  slag  and  construction  debris)  will  be  covered  by  a  simple  earth  cap. 

Operation  and  maintenance  efforts  under  the  recommended  alternative  will  be  associated 
primarily  with  the  ongoing  operation  of  the  arsenic  groundwater  collection  and  treatment 
system  and  the  disposal  of  sludge  stored  in  the  ferric  arsenate  sludge  lagoon.  Other 
maintenance  efforts  will  include  periodic  maintenance  of  the  simple  earth  cap,  engineered 
cover,  surface  water  interceptor  ditch,  and  reconstructed  riverbank  to  repair  any  erosion 
damage  and  areas  of  vegetative  stress. 

Monitoring  efforts  will  be  focussed  on  the  monitoring  of  surface  water  and  groundwater 
and  biomonitoring,  if  required,  at  selected  locations,  to  evaluate  the  effectiveness  of  the 
recommended  alternative  following  implementation. 

A  detailed  operations  and  maintenance  plan  should  be  established  for  the  recommended 
alternative  following  implementation. 

The  selection  of  the  recommended  remediation  alternative  is  based  on  the  basic  principle 
that  the  leachable  wastes  from  the  Industrial  Area  should  be  isolated  from  media 
susceptible  to  promote  transport  and  release  of  the  contaminants  to  the  environment. 
However,  considering  the  relative  complexity  of  conditions  in  the  Industrial  Area  (i.e. 
complex  blend  of  wastes  and  impacted  materials,  numerous  geological  and  hydrogeological 
units,  bedrock  outcropping,  etc.),  several  unknowns  must  be  resolved  prior  to  the 
implementation  of  the  recommended,  or  any  other,  remediation  alternative.  These 
unknowns,  referred  to  as  data  gaps  that  should  be  addressed  are  identified  below: 
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•  Chemical  and  mineralogical  identification  of  the  calcium  arsenite  stockpile,  including 
arsenic  content,  firstly  since  the  stockpile's  composition  may  be  heterogeneous  and 
secondly,  due  to  its  high  toxicity. 

•  Measurements  of  contaminant  bioavailability  on  the  main  waste  streams  present  in  the 
Industrial  Area.  (Results  of  the  bioavailability  studies  may  translate  into  substantial  cost 
savings  for  the  implementation  of  the  selected  remediation  alternative  if  it  is 
demonstrated  that  the  bioavailability  of  certain  wastes  is  low  or  negligible.) 

•  Detailed  groundwater  flow  modelling  to  evaluate  key  features  of  the  recommended 
remediation  alternative  such  as  the  groundwater  flow  diversion  trench,  the  potential  to 
create  vertically  upward  hydraulic  gradients  (under  the  waste  consolidation  area),  and 
the  impact  of  the  trench  on  nearby  private  wells. 

•  If  technically  feasible,  undertake  a  cost/benefit  analysis  of  onsite  stabilization/ 
solidification  (in-situ  and  ex-situ)  of  the  calcium  arsenite  wastes. 

The  total  estimated  capital  cost  for  the  recommended  alternative  is  $10,434,500  with  annual 
operation  and  maintenance  costs  of  $838,000.  The  net  present  value  of  the  recommended 
alternative,  assuming  an  effective  interest  rate  of  5  percent  and  a  planning  horizon  of  20 
years,  is  $21,404,500.  The  20-year  period  was  selected  based  on  the  assumption  that  it  is  a 
reasonable  period  for  budgetary  planning  purposes. 

The  recommended  alternative  will  be  further  developed  in  a  subsequent  report  entitled 
Deloro  Mine  Site  Cleanup  -  Closure  Plan  for  the  Industrial  Area.  The  Closure  Plan  will  be 
the  subject  of  additional  public  consultation  and  stakeholder  review  in  addition  to 
providing  supporting  documentation  for  regulatory  reviews  and  applications.  The 
comments  will  be  incorporated  into  the  final  rehabilitation  strategy  and  implemented  in  the 
construction  phase  of  the  project. 


CH2M  HILL  Canada  Limited 


BVian  Whiffin,  M.Eng.,  P.Eng. 
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Principal  Author 
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1.     Introduction 


1.1     Background 


Nearly  a  century  of  mining  and  industrial  activity  has  resulted  in  significant  environmental 
degradation  of  the  Deloro  Mine/Refinery  site.  Tailings  and  waste  zones  at  the  site  contain 
up  to  30  percent  arsenic.  Runoff  and  seepage  from  the  various  waste  zones  at  the  site  have 
resulted  in  arsenic  contamination  of  the  Moira  River,  which  flows  through  the  site. 
Abandonment  of  this  site  by  its  owner(s)  forced  the  Ontario  Ministry  of  the  Environment 
(MOE)  to  take  custody  of  the  property  in  1979  and  to  initiate  control  measures  to  limit  the 
environmental  impact  from  the  site. 

CH2M  HILL  Canada  Limited  (CH2M  HILL,  formerly  CH2M  Gore  &  Storrie  Limited 
[CG&S])  was  retained  by  the  MOE  in  April  1997  to  develop  and  implement  a 
comprehensive  rehabilitation  program  for  the  closure  of  this  former  mine  site.  As  part  of 
this  comprehensive  rehabilitation  program,  CH2M  HILL  is  developing  remediation 
alternative  plans  for  each  of  the  four  areas  within  the  mine  site's  footprint,  as  shown  in 
Figure  1-1.  The  limits  of  these  four  areas  have  been  developed  based  on  historical  land  use 
and  waste  disposal  practices.  The  four  areas  include: 

•  The  Industrial  Area,  where  smelting  and  refining  of  the  various  ores  were  carried  out 

•  The  Tailings  Area,  where  the  by-products  of  the  production  phase  were  stored 

•  The  Mine  Areas,  on  both  the  east  and  west  sides  of  the  Moira  River 

•  The  Young's  Creek  Area,  which  has  been  impacted  from  historical  releases  from  the 
Tailings  Area 

Closure  plans  will  be  developed  for  each  of  these  four  areas  based  on  the  closure  objectives 
identified  for  the  site  in  the  report  entitled  Deloro  Mine  Rehabilitation  Project,  Development  of 
Closure  Criteria,  Final  Report  (CG&S,  October  1998a)  and  the  recommended  rehabilitation 
alternatives  developed  for  each  area  in  the  following  reports: 

•  Deloro  Mine  Site  Cleanup  -  Industrial  Area  Rehabilitation  Alternatives 

•  Deloro  Mine  Site  Cleanup  -  Tailings  Area  Rehabilitation  Alternatives 

•  Deloro  Mine  Site  Cleanup  -  Mine  Area  Rehabilitation  Alternatives 

•  Deloro  Mine  Site  Cleanup  -  Young's  Creek  Area  Rehabilitation  Alternatives 


1.2      Purpose  of  this  Report 


The  overall  objective  of  the  Deloro  Mine  Site  Cleanup  is  to  successfully  rehabilitate  the  mine 
site  to  mitigate,  within  reason,  any  unacceptable  impacts  on  human  health  or  the 
environment.  As  part  of  this  overall  objective,  several  area-specific  objectives  have  been 
developed.  Achieving  these  objectives,  in  conjunction  with  the  other  area-specific  objectives, 
will  aid  in  the  successful  rehabilitation  of  the  Deloro  Mine  Site. 
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1.  INTRODUCTION 


The  alternatives  reports  summarize  the  previous  investigations  and  reports  that  have  been 
commissioned  for  the  subject  areas.  Several  alternatives  that  have  been  identified  in 
previous  reports  are  evaluated  based  on  their  environmental  impacts.  The  criteria  used  to 
evaluate  the  impacts  of  alternatives  reflect  all  components  of  the  environment,  including 
natural  and  social  environmental  impacts,  as  well  as  technical  and  cost  considerations.  The 
evaluation  approach  also  recognizes  the  need  to  determine  and  assess  "reasonable" 
remediation  alternatives  based  on  existing  site  information.  The  identification  of 
remediation  alternatives  is  not  intended  to  be  an  exhaustive  search  for  all  conceivable  or 
experimental  remediation  solutions  that  could  be  attempted.  The  recommended  alternative 
for  each  of  the  four  areas  will  meet  the  closure  criteria  established  in  the  report  entitled 
Deloro  Mine  Rehabilitation  Project,  Development  of  Closure  Criteria,  Final  Report  (CG&S,  October 
1998a)  and  will  be  further  developed  in  subsequent  reports  outlining  closure  plans  for  each 
of  the  areas. 


1.3     Organization  of  Report 


This  report  consists  of  seven  sections,  including  the  introduction.  Section  2,  Background  and 
Problem  Definition,  describes  the  history  of  the  site  and  a  brief  summary  of  the  results  of 
previous  site  investigations  and  studies  within  the  subject  area.  The  existing  physical 
conditions  of  the  subject  area  including  additional  background  details  and  the  nature  and 
volume  of  the  contaminated  material  are  described  in  Section  3.  Section  4,  Alternatives 
Evaluation  Process,  describes  the  process  by  which  alternatives  are  generated  and  the 
approach  to  evaluation  of  the  alternatives,  as  well  as  the  closure  objectives  that  must  be  met 
by  the  rehabilitation  alternatives.  Additional  information  pertaining  to  the  detailed 
evaluation  criteria  is  contained  in  Appendix  A.  Section  5,  Development  and  Evaluation  of 
Alternatives,  establishes,  describes  and  evaluates  rehabilitation  methods  and  alternatives. 
Section  6  provides  the  recommended  remedial  alternatives  and  cost  opinion  and  identifies 
any  data  gaps  that  should  be  filled.  Details  associated  with  the  opinion  of  cost  information 
are  contained  in  Appendix  B.  Section  7  lists  the  references  used  in  the  preparation  of  this 
report. 
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2.     Background  and  Problem  Definition 


This  section  provides  a  brief  description  of  the  history  of  the  Deloro  Mine  Site  and  the 
Industrial  Area  and  the  previous  investigations  carried  out  in  the  Industrial  Area.  It  also 
clearly  defines  the  problems  to  be  mitigated  as  part  of  the  recommended  remediation 
alternative.  A  detailed  description  of  the  historical  mining  activities  that  have  taken  place  at 
the  Deloro  Mine  Site  since  the  early  1860s  is  provided  in  the  report  entitled  An  Historical 
Analysis  of  the  Deloro  Site  (Commonwealth  Historic  Resource  Management  Limited, 
January  1988). 

2.1     Deloro  Mine  Site 

The  Deloro  site  is  located  in  Eastern  Ontario  along  the  banks  of  the  Moira  River  on  the 
eastern  boundary  of  the  Village  of  Deloro  (see  Figure  2-1,  Deloro  Mine  Site  Location).  The 
former  refinery/ smelter  site  (Industrial  Area)  is  approximately  25  ha  in  area  and  is  located 
adjacent  to  the  west  bank  of  the  Moira  River.  The  Tailings  Area  is  located  east  of  the 
Industrial  Area  between  the  East  Side  of  the  Moira  River  and  the  West  Side  of  Young's 
Creek.  The  entire  property,  which  includes  the  Industrial  Area,  Tailings  Area,  Mine  Area, 
and  the  onsite  portion  of  Young's  Creek,  is  approximately  202  ha  in  area  (CH2M  HILL, 
February  2002). 

Access  to  the  mine  site  is  via  Deloro  Road,  which  is  accessed  from  Highway  7,  approxi- 
mately 4  km  east  of  Marmora.  The  principal  population  centres  in  the  area  are  the  Village  of 
Deloro  (pop.  180),  and  the  Villages  of  Marmora  (pop.  1,700)  and  Madoc  (pop.  1,400),  located 
approximately  5  km  southwest  and  10  km  east  of  the  mine  site,  respectively. 

The  Deloro  site  began  operation  as  a  gold  mine  in  the  1860s  and  evolved  over  the  next 
century  to  mine  and  refine  gold,  as  well  as  smelting  and  refining  of  a  number  of  other 
elements  including  arsenic,  silver  and  cobalt.  It  was  the  first  plant  in  the  world  to  produce 
cobalt  commercially  and  was  also  a  leading  producer  of  stellite,  a  cobalt-chromium-tungsten 
alloy.  Concentrates  from  uranium  extraction  were  imported  to  the  site  and  further 
processed  to  extract  cobalt.  Arsenic-based  pesticides  were  produced  from  the  by-products  of 
smelting  operations  and  continued  as  a  main  activity  at  the  site  until  the  market  collapsed  in 
the  late  1950s. 

A  century  of  handling  hazardous  materials  and  chemicals  has  resulted  in  significant 
environmental  degradation  of  the  Deloro  Mine  Site.  Large  quantities  of  refining  slag,  mine 
tailings,  calcium  arsenate,  and  arsenical  pesticides  remained  at  the  site.  Fuels,  chemicals, 
and  raw  materials,  such  as  sulphuric  acid,  coke,  lime,  soda  ash,  caustic  soda,  liquid  chlorine, 
salt,  scrap  iron,  sodium  chlorate,  and  fuel  oil  were  handled  at  the  site.  Radioactive  slag  and 
tailings  were  produced  as  a  result  of  the  re-refining  of  by-products  from  uranium  refining. 
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2.  BACKGROUND  AND  PROBLEM  DEFINITION 


The  Ontario  government  stepped  in  to  take  control  of  the  site  in  1979  due  to  failure  of  the 
owner  to  control  environmental  releases.  The  MOE  has  been  in  care  and  control  of  the  site 
since  that  time.  Several  rehabilitation  actions  have  been  implemented  at  the  site  to  date  that 
have  significantly  reduced  releases  from  the  site.  In  1979,  the  annual  average  loading  of 
arsenic  to  the  Moira  River  was  52.1  kg/ day.  Since  the  arsenic  treatment  plant  was  put  into 
operation  in  1983,  the  arsenic  loading  to  the  river  has  been  reduced  by  more  than  80  percent, 
to  an  annual  average  of  less  than  10  kg/ day.  However,  further  work  is  required  to  reduce 
releases  to  acceptable  levels  and  to  secure  the  site  for  the  long  term.  CH2M  HILL  was 
retained  in  April  1997  to  provide  consulting  engineering  and  project  management  services 
for  the  Deloro  Mine  Site  Cleanup. 

2.2      Industrial  Area 

All  gold  mining  operations  at  the  Deloro  Mine  Site  ceased  circa  1902  because  of  the 
relatively  low  grade  and  tonnage  of  the  deposits  and  metallurgical  difficulties  in  refining 
caused  by  the  high  levels  of  arsenic  in  the  ore.  Silver  ores,  discovered  in  Cobalt,  Ontario, 
contained  high  levels  of  arsenic,  which  made  silver  recovery  difficult.  At  the  time,  the 
Canadian  Goldfields  plant  at  Deloro  was  the  only  facility  in  Ontario  able  to  treat  high 
arsenic  ores. 

Between  1907  and  1961,  the  Deloro  site  was  used  for  metallurgical  and  refining  processes 
related  to  the  production  of  cobalt  oxides  and  metal,  and  the  extraction  of  silver,  nickel,  and 
arsenic.  Until  about  1930,  the  ores  were  obtained  from  Cobalt  and  Gowganda,  Ontario,  after 
which  time  concentrates  containing  cobalt  were  also  received  from  other  sources  including 
the  Eldorado  Nuclear  Refinery  in  Port  Hope,  Ontario.  These  concentrates  were  radioactive 
to  a  varying  degree,  as  were  the  resulting  waste  slag  materials,  which  were  placed  around 
the  site  at  various  locations.  Cobalt-copper  ores  were  also  received  from  the  Belgian  Congo 
and  Rhodesia  during  the  Second  World  War  and  used  in  the  production  of  stellite  metal  (a 
cobalt-chromium-tungsten  alloy).  The  processes  involved  the  use  of  cyanide,  sulphuric  acid, 
caustic  soda,  soda  ash,  and  chlorine. 

The  main  waste  products  included: 

•  Ferric  hydroxide  tailings  (red  mud),  which  were  initially  placed  in  the  wetlands  to  the 
northwest  portion  of  the  present  day  Industrial  Area  and  subsequently  pumped  to  an 
enclosure  on  the  east  side  of  the  Moira  River,  where  it  covers  an  area  of  approximately  8 
hectares  (i.e.  the  Tailings  Area) 

•  Barren  solutions,  which  were  discharged  to  two  settling  ponds  at  the  south  end  of  the 
Industrial  Area  for  precipitation  of  metals  prior  to  discharge  to  the  river 

•  Slag,  which  was  piled  mainly  to  the  north,  west,  and  southwest  of  the  castings  building 
but  that  has  also  been  crushed  and  placed  elsewhere  on  the  site  (including  the  western 
bank  of  the  Moira  River  in  the  central  portion  of  the  mine  site) 
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•  Wastes  from  metallurgical  and  chemical  research  laboratories  thought  to  have  generally 
been  dumped  adjacent  to  these  facilities  with  small  volumes  of  toxic  materials  placed  in 
a  "poison  pond"  located  to  the  west  of  the  main  refinery  slab  and  south  of  the  calcium 
arsenite1  stockpiles 

•  Arsenic  compounds 

Refining  of  arsenic  compounds  from  the  gold  and  silver/cobalt/ nickel  ores  was  carried  out 
at  the  site  from  the  early  1900s  to  1958.  A  large  volume  of  arsenic  trioxide  powder  was 
recovered  from  the  refining  processes  in  the  arsenic  baghouse  and  packing  houses  and 
stockpiled/  stored  in  open  piles  or  barrels  and,  after  1920,  the  powder  was  purified  into 
various  arsenate  compounds  and  sold  commercially  as  an  agricultural  insecticide.  The 
arsenic  recovery  area  was  located  adjacent  to  the  western  shoreline  of  the  Moira  River  in  the 
east  central  part  of  the  site;  the  pesticide  processing  buildings  were  located  in  the  northern 
portion  of  the  site,  on  higher  ground,  between  the  powerhouse  and  the  Tuttle  Shaft.  When 
the  market  for  arsenic-based  pesticides  declined  in  the  late  1950s,  the  arsenic  trioxide  was 
converted  to  calcium  arsenite,  reportedly  through  treatment  with  lime,  and  stockpiled  in  the 
north  central  part  of  the  site  (i.e.  the  Industrial  Area).  Arsenic  compounds  and  pesticides 
were  also  disposed  of  elsewhere  on  the  site,  including  the  hillside  adjacent  to  an  old 
backwater  of  the  Moira  River  to  the  north  of  the  Gatling  Shaft.  Figure  2-2  shows  a  plan  view 
of  the  Industrial  Area  as  it  appeared  in  the  early  1960s. 

The  northwest  portion  of  the  plant  site  was  originally  a  low-lying,  poorly  drained  wetland 
area.  Drainage  of  this  area  was  undertaken  in  the  early  1950s  by  the  construction  of  Old 
Westerly  Creek,  which  flowed  southeast  past  the  primary  treatment  and  castings  buildings 
and  discharged  directly  to  the  Moira  River  in  a  natural  depression  opposite  the  north  nickel 
pond.  This  creek  was  suspected  of  carrying  surface  drainage  from  the  plant  and  calcium 
arsenite  areas.  A  livestock  kill  downstream  of  the  site  in  1958  has  been  attributed  to  either 
arsenic  from  site  operations,  washing  of  calcium  arsenite  into  the  river,  or  the  accidental 
creation  of  highly  soluble  sodium  arsenite  (Golder,  1988).  In  1959,  Old  Westerly  Creek  was 
diverted  into  the  south  nickel  pond,  with  lime  and  magnesium  sulphate  added  to  reduce 
arsenic  loading  to  the  river  in  the  pond  overflow.  In  1962,  the  creek  was  diverted  to  the  New 
Westerly  Creek  (NWC)  alignment  along  the  western  property  line  with  the  intent  of  inter- 
cepting and  diverting  surface  water  running  onto  the  site  away  from  the  arsenic  sources  in 
the  main  plant  area;  the  creek  entered  a  clay  tile  pipe  through  the  central  portion  of  its  route 
and  discharged  into  a  wetland  prior  to  reaching  the  Moira  River  south  of  the  plant  site. 
However,  significant  quantities  of  arsenic-bearing  waters  from  the  working  area  infiltrated 
into  NWC  and  the  Moira  River.  The  "poison  pond"  was  capped  with  clay  and  underdrains 
were  installed  in  the  calcium  arsenite  area;  the  collected  water  was  pumped  to  a  relatively 
ineffective  treatment  plant  and  then  into  the  south  nickel  pond  (Golder,  1988). 


1  The  actual  form  of  arsenic  by-product  is  uncertain  and  is  reported  to  be  either  calcium  arsenite  or  calcium  arsenate  in  various 
sources.  Throughout  this  report,  calcium  arsenite  will  be  used  to  designate  the  arsenic  containing  residuals  from  the 
production  of  arsenic  trioxide. 


2-4  119548AR060501  E042002003KWO 


31/0CT.2003 


CH2MHILL 


PROJECT   No.  119548 


44246F37B 


FIGURE  2-2 

THE  DELORO  INDUSTRIAL  AREA 

CIRCA  1961 

Source:   Commonweolth  Historic  Resource  Management, 1988 

2-5 


DELORO  MINE  SITE  CLEANUP 

INDUSTRIAL  AREA  REHABILITATION  ALTERNATIVES  -  FINAL  REPORT 


In  the  early  1960s,  the  Ontario  government  began  monitoring  arsenic  levels  in  the  Moira 
River.  Investigations  in  1971  by  James  F.  MacLaren  Ltd.  indicated  that  significant  arsenic 
loading  to  the  Moira  River  was  taking  place  from  groundwater  and  surface  water  sources  in 
the  area  of  the  arsenic  baghouse  and  packing  shed.  Clay  dykes  were  constructed  adjacent  to 
the  river  in  this  area  and  a  collection  tile/forcemain  system  was  installed;  the  waters  were 
pumped  to  an  equalization  pond  (1973)  in  the  southeast  part  of  the  site  and  then  were 
treated  prior  to  entering  the  former  nickel  ponds.  Excess  sludge  build-up  in  the  ponds  and 
leakage  from  the  ponds  presented  problems.  In  1974,  the  settling  ponds  were  dredged  and 
the  sludge  was  disposed  of  in  a  localized  area  on  top  of  the  red  mud  tailings  on  the  east  side 
of  the  Moira  River  (i.e.  the  Tailings  Area). 

In  1978,  the  MOE  ordered  the  site  owner,  Erickson  Construction  Company  Limited,  to  take 
steps  to  control  the  discharge  of  arsenic  to  the  river.  The  company  failed  to  comply  with  the 
order  issued  under  the  Environmental  Protection  Act  (EPA)  and  declared  a  lack  of  operating 
funds.  In  1979,  the  MOE  assumed  control  of  the  abandoned  site  and  the  arsenic  treatment 
system  as  remediator  of  last  resort. 

In  1982,  the  MOE  renovated  the  former  research  laboratory  building  on  the  site  and  con- 
structed a  new  arsenic  treatment  plant.  The  plant  began  operations  in  1983  and  collects, 
stores  and  treats  arsenic-contaminated  groundwater.  Groundwater,  including  water 
diverted  by  an  80-m-long  barrier  wall  grouted  into  bedrock  and  located  along  the  western 
bank  of  the  Moira  River,  is  pumped  from  six  pumping  stations  to  an  equalization  storage 
basin.  The  arsenic  concentrations,  which  range  from  50  mg/L  to  1,500  mg/L,  are  equalized 
in  the  storage  basin  for  more  efficient  treatment  at  the  treatment  plant. 

An  iron/ lime  treatment  process,  which  uses  ferric  chloride,  lime,  and  a  poly  electrolyte, 
treats  the  collected  groundwater.  Sludge  from  the  process  is  dried  in  an  under-drained 
lagoon  and  the  treated  effluent,  with  99.5  to  99.9  percent  of  the  arsenic  removed,  is  returned 
to  the  Moira  River.  Loadings  and  arsenic  concentrations  in  the  river  have  been  substantially 
reduced  by  the  current  collection  and  treatment  operations.  The  annual  average  daily 
loading  of  arsenic  to  the  Moira  River  in  1979  was  52.1  kg/ day  compared  with  3.7  kg/ day  in 
1994  (OCWA,  1997b).  Similarly,  the  average  annual  arsenic  concentrations  in  the  Moira 
River  decreased  from  0.33  mg/L  in  1979  to  0.03  mg/L  in  1994  (OCWA,  1997b),  as  measured 
at  the  Highway  7/ Moira  River  monitoring  station. 

An  extensive  program  is  in  place  to  monitor  surface  water  and  groundwater  quality  at  the 
Deloro  site.  The  program  includes  the  monitoring  of  the  treatment  plant  influent  and 
effluent  and  the  groundwater  pumping  stations.  Two  monitoring  networks  on  the  Moira 
River  and  Young's  Creek  provide  information  on  surface  water  quality  and  a  series  of 
monitoring  wells  on  the  mine  site  property  assess  groundwater  quality. 

2.3      Previous  Investigations  in  the  Industrial  Area 

Investigations  and  studies  that  have  been  carried  out  at  the  site  are  briefly  described  in  the 
following  paragraphs. 

2.3.1     J  ames  F.  MacLaren  Ltd.  (1971) 

In  1971,  James  F.  MacLaren  Ltd.  studied  arsenic  contamination  at  the  site,  which  included 
some  subsurface  investigation,  the  monitoring  of  groundwater  levels  and  the  measurement 
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of  arsenic  concentrations  in  the  vicinity  of  the  north  end  of  the  smelter  and  in  the  arsenic 
handling  areas  to  the  east  (MacLaren,  1971).  This  study  indicated  that  groundwater  and 
surface  water  runoff  containing  levels  of  arsenic  with  concentrations  greater  than  1,500  ppm 
were  flowing  under  steep  gradients  in  both  surface  water  and  groundwater  directly  to  the 
river  in  this  area.  The  report  suggests  that  arsenic  contamination  existed  between  the 
primary  treatment  building  slab  and  the  calcium  arsenite  piles  (which  may  be  related  to  the 
calcium  arsenite  ponds  that  used  to  exist  in  the  area).  This  study  resulted  in  the  installation 
of  two  clay  cut-off  dykes  and  a  collection  tile/forcemain  system  in  this  area  that  fed  into  an 
existing  treatment  plant,  followed  by  construction  of  an  equalization  pond  to  coordinate 
discharge  with  treatment  capability  and  river  flow. 

2.3.2  MOE  (1980/81) 

After  taking  custody  of  the  site  in  1979,  the  MOE  conducted  detailed  sampling  of  the  Moira 
River  at  Deloro  and  prepared  a  report  (MOE,  1980/81a).  Using  the  results  of  measured 
arsenic  concentrations  in  the  Moira  River  at  various  sampling  points  along  its  length,  the 
percent  of  arsenic  loading  from  various  portions  of  the  mine/refinery  site  was  estimated. 
The  results  indicated  that  the  majority  of  arsenic  loading  (57  percent)  occurs  opposite  the 
main  plant  site/  arsenic  handling  area  between  the  Deloro  falls  and  the  mine  site  bridge; 
about  21  percent  between  the  mine  site  bridge  and  the  discharge  depression  associated  with 
Old  Westerly  Creek  from  leakage  from  the  north  nickel  pond  and  drainage  from  the  slag 
pile;  about  14  percent  from  the  Tuttle  Shaft  and  further  upstream;  and  8  percent  from 
discharges  from  the  south  nickel  pond,  NWC,  and  waste  materials  upgradient  of  the 
wetland  area  between  the  south  nickel  pond  and  NWC. 

In  1980,  the  Deloro  Dam  was  used  by  the  MOE  to  dewater  the  Moira  River  for  a  period  of 
23  days  to  observe  and  analyze  seepage  from  the  river  banks  opposite  the  Deloro  site  and  to 
determine  where  interceptor/ collector  systems  should  be  constructed  (MOE,  1980/81b).  The 
major  seepage  area  identified  was  opposite  the  former  arsenic  baghouse.  Downstream  areas 
opposite  the  plant  dry  buildings  and  cobalt  sheds  were  other  identified  seepage  areas. 

2.3.3  ReidCrowther(1980) 

In  1980,  A  Remedial  Clean-Up  Program  for  the  Deloro  Site  was  developed  for  the  MOE  by  Reid, 
Crowther  &  Partners  Ltd.  (Reid  Crowther,  1980).  Based  on  site  inspections  and  existing 
information,  but  in  the  absence  of  site  geological  and  hydrogeological  studies,  short-term 
and  long-term  plans  for  remediation  were  provided.  The  short-term  recommendations 
implemented  were  the  cut-off  wall  (i.e.  barrier  wall),  groundwater  collector/forcemain 
system,  arsenic  treatment  plant,  and  the  equalization  pond  and  sludge  lagoons  presently  in 
use  at  the  site.  The  long-term  measure  suggested  was  a  secure  encapsulation  of  the  site  with 
the  goal  of  abandoning  the  need  for  operation  of  the  treatment  plant. 

2.3.4  Trow  (1981)  and  I.E.C.  Beak  (1984) 

In  order  to  design  and  implement  the  Reid,  Crowther  &  Partners  Ltd.  short-term  program,  a 
geotechnical  investigation  was  carried  out  by  Trow  Ltd.  in  1981  in  the  area  proposed  for 
construction  of  the  equalization  pond  to  the  northwest  and  along  the  cut-off  wall  alignment 
(Trow,  1981a&b).  This  investigation  involved  sampling  of  21  boreholes.  Design  recommen- 
dations were  provided  for  a  1-m-thick  clay-lined  equalization  pond  and  a  concrete  cut-off 
wall  grouted  into  the  underlying  bedrock.  It  is  understood  that,  during  construction,  the 
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clayey  silt  soil  expected  below  the  entire  equalization  pond  was  discontinuous  (especially  in 
the  northern  portion)  and  considerable  dewatering  effort  was  required  to  control 
groundwater  when  water-bearing  silty  sands  were  exposed.  As  well,  a  bedrock  outcrop  was 
encountered  in  the  east  central  pond  sideslope.  Construction  supervision  was  carried  out  by 
Trow. 

Construction  of  the  current  groundwater  collection/ treatment  works  was  carried  out  in 
1982/83.  The  new  ferric  arsenate  sludge  lagoon  was  constructed  in  1984  to  the  southeast  of 
the  castings  building  by  berming  above  the  existing  ground;  excavation  was  not  attempted 
because  of  potential  problems  with  water-bearing  sands  and  the  Old  Westerly  Creek 
alignment,  which  underlies  the  sludge  lagoon.  The  lagoon  was  not  designed  or  constructed 
to  prevent  exfiltration. 

The  problem  of  handling  the  volumes  of  ferric  arsenate  sludge  produced  from  the  treatment 
plant  was  realized,  and  a  study  of  methods  to  dewater  the  sludge  was  undertaken  by  I.E.C. 
Beak  Consultants  Ltd.  in  1984  (I.E.C.  Beak,  1984).  This  study  included  an  experimental 
freeze-drying  bed  on  a  relatively  small  scale. 

2.3.5  Witteck  Development  (1986) 

A  study  into  the  potential  for  utilization  of  mineral  processing  wastes  and  by-products  at 
Deloro  was  carried  out  by  Witteck  Development  Inc.  in  1985  (Witteck,  1986).  The  program 
for  this  study  involved  extensive  sampling/ profiling  of  the  major  waste  areas  on  the  site 
and  then  chemical/ mineralogical  characterization.  This  characterization  resulted  in  the 
estimate  of  8,000  tonnes  of  slag,  90,000  tonnes  of  red  mud  tailings,  and  6,200  tonnes  of 
calcium  arsenite.  Potential  uses/markets  for  these  materials  were  provided. 

2.3.6  MOE  (1986) 

In  May  1986,  a  presentation  entitled  the  Deloro  Update  was  prepared  by  MOE  personnel 
involved  with  the  Deloro  site  rehabilitation  (MOE,  1986).  This  document  reviewed  the 
advantages  and  disadvantages  of  various  options  for  handling/  disposing  of  waste  materials 
on  the  property.  The  recommendations  were  as  follows: 

•  The  6,200  tonnes  of  calcium  arsenite  in  stockpiles,  which  contribute  to  groundwater  and 
surface  water  contamination,  should  be  made  secure  by  appropriate  capping  and 
collection  systems. 

•  The  ferric  arsenate  sludge,  which  is  fairly  stable  at  present,  requires  that  drying  beds  be 
established  to  reduce  the  volume  and  a  permanent  disposal  area  established  onsite. 
Certificates  of  Approval  will  be  required  for  disposal  of  the  sludge  onsite,  as  well  as  for 
the  calcium  arsenite. 

•  Total  site  rehabilitation  is  desirable  both  in  terms  of  contaminants  and  site  safety 
hazards. 

2.3.7  Commonwealth  Historic  Resources  (1988) 

In  1988,  Commonwealth  Historic  Resource  Management  Ltd.  prepared  a  historical  analysis 
of  the  Deloro  site  for  J.L.  Richards  &  Associates  Ltd.,  prime  consultant  for  the  MOE 
(Commonwealth,  1988).  The  research  was  collected  from  various  sources  such  as  the  Trent 
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University  archives,  the  Marmora  Herald,  and  the  Ontario  Bureau  of  Mines  and  Department 
of  Mines  Annual  Reports.  The  report  focuses  on  the  history  of  activities  at  the  site. 

2.3.8  Golder  Associates  (1988) 

In  1988,  Golder  Associates  produced  a  hydrogeological/geotechnical  investigation  report 
for  J.L.  Richards  &  Associates  Ltd.  (Golder,  1988).  The  investigation  included  a  review  of 
previous  studies,  an  overburden  and  bedrock  drilling  and  monitoring  well  installation 
program,  geophysical  surveys,  and  a  detailed  reconnaissance  to  identify  and  inventory 
waste  materials.  Chemical  analyses  of  groundwater,  surface  water,  and  soils  were 
conducted  along  with  a  search  for  earth  borrow  materials,  which  would  be  suitable  for 
aspects  of  site  remediation  works. 

The  majority  of  the  groundwater  flow  was  found  to  be  east  to  southeast  from  the  Village  of 
Deloro  towards  the  Moira  River.  The  monitoring  and  sampling  showed  the  onsite 
groundwater  in  both  overburden  and  bedrock  to  be  contaminated  with  arsenic  as  well  as 
containing  varying  degrees  of  mercury,  lead,  cyanide,  and  other  metals. 

2.3.9  J  1.  Richards  (1990) 

In  1990,  J.L.  Richards  &  Associates  Ltd.  produced  a  report  summarizing  the  historical  study, 
health  and  safety  considerations,  hydrogeological  studies,  and  various  remediation 
alternatives  (Richards,  1990).  Study  findings  showed  that  the  current  treatment  plant  has 
succeeded  in  removing  approximately  13,360  kg  of  arsenic  per  annum  with  a  removal 
efficiency  of  99.7  percent  between  1984  and  1987  inclusive. 

The  report  stated  that  virtually  all  of  the  soils  on  the  Deloro  site  are  considered 
contaminated.  Some  have  been  classified  as  hazardous  materials  under  the  testing 
procedures  in  the  former  Ontario  Regulation  309  (now  O.Reg.  347). 

The  results  of  the  hydrogeological  survey  suggested  that  up  to  80  to  90  percent  of  the 
arsenic  loading  to  the  Moira  River  is  from  direct  surface  runoff  of  near  surface  flow  from 
large  meteorological  events  and  the  spring  melts.  The  report  also  suggests  that  if  the  wastes 
were  to  be  contained  and  secured  with  a  low  permeability  cover,  the  arsenic  loading  to  the 
river  would  be  reduced  by  50  percent  or  more. 

The  report  recommended  the  preservation  of  the  existing  groundwater  collection  and  treat- 
ment system  and  the  current  groundwater  and  surface  water  monitoring  program.  A  reloca- 
tion of  the  fence  to  coincide  with  the  property  line  was  suggested.  The  report  also  recom- 
mended that  a  filter  press  and  an  addition  be  added  to  the  arsenic  treatment  plant.  A  new 
onsite  containment  cell  could  be  constructed  to  receive  the  ferric  arsenate  sludge.  The 
existing  sludge  could  be  dewatered  and  placed  in  the  new  secured  cell  or  consolidated  with 
the  calcium  arsenite.  A  secure  top  cover  for  the  calcium  arsenite  with  a  perimeter  sub-drain 
connected  to  the  groundwater  recovery  system  was  the  suggested  control  measure.  The 
report  recommended  all  of  the  non-hazardous  wastes  be  collected  and  buried  as  part  of  the 
site  grading  program  and  that  the  remaining  buildings  be  demolished  and  buried.  A  low 
permeability  cap  could  be  constructed  to  isolate  the  wastes  from  the  surrounding 
environment. 
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2.4     Problem  Definition 

The  Industrial  Area  is  where  the  smelting  and  refining  of  the  various  ores  were  carried  out. 
Many  of  the  by-products  of  these  processes  still  remain  in  the  Industrial  Area,  and  include 
the  following  special  materials:  calcium  arsenite,  slag,  and  gold  mine  tailings.  Investigations 
(CG&S,  June  1999)  indicate  that  some  of  the  slag  and  tailing  materials  are  radioactive.  Ferric 
arsenate  sludge  from  the  wastewater  treatment  plant,  composed  mostly  of  ferric  arsenate,  is 
also  located  in  a  settling  lagoon  in  the  southeast  portion  of  the  Industrial  Area.  Other 
miscellaneous  materials,  such  as  building  rubble,  box  inspection  holes,  and  metal  storage 
tanks  are  also  scattered  throughout  the  site. 

Groundwater  monitoring  indicates  that  the  groundwater  in  the  Industrial  Area  contains 
elevated  levels  of  arsenic  and  other  metals  (e.g.  cobalt,  copper,  mercury,  and  lead),  while 
surface  water  monitoring  shows  that  arsenic  continues  to  enter  the  Moira  River  from  the 
site.  In  1996,  for  instance,  surface  water  monitoring  illustrated  that  a  total  arsenic  load  of 
approximately  3.2  tonnes/year  from  the  Deloro  site  entered  the  Moira  River.  A  water  and 
load  balance  model  developed  for  the  mine  site  (CH2M  HILL,  March  2002a)  indicated  that 
loading  from  the  west  bank  of  the  Moira  River  is  the  main  area  of  arsenic  loading  from  the 
Deloro  site,  contributing  at  least  98  percent  of  the  total  loading.  The  analysis  estimated  that 
groundwater  from  the  west  bank  of  the  Moira  River  contributes  approximately  75  percent  of 
the  total  site  loading  for  arsenic  with  69  percent  of  it  from  the  Industrial  Area.  The  analysis 
also  estimated  that  surface  water  runoff  from  the  west  bank  of  the  Moira  River  contributes 
approximately  7  percent  of  the  total  site  loading  for  arsenic,  but  may  be  as  high  as  37 
percent  depending  on  the  actual  level  of  arsenic  in  the  runoff. 
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This  section  describes  the  existing  rehabilitation  efforts  of  the  MOE,  and  the  current  impacts 
on  the  Moira  River  from  the  Industrial  Area.  It  also  presents  a  review  of  the  materials 
existing  on  the  site  that  must  be  accounted  for  as  well  as  the  problem  and  the  impacts  that 
must  be  mitigated  as  part  of  any  rehabilitation  program. 


3.1     Operations 


3.1.1      G  roundwater  C ollection  and  Treatment 

A  groundwater  collection  system  exists  onsite.  It  is  designed  to  capture  arsenic  impacted 
groundwater  before  it  reaches  the  Moira  River.  It  initially  consisted  of  four  pumping 
stations  (Richards,  1990),  an  80-m-long  cut-off  wall  grouted  into  bedrock  located  at  the 
western  bank  of  the  Moira  River,  a  9,084-m3  equalization  pond  (i.e.  equalization  storage 
basin),  and  an  arsenic  treatment  plant.  A  fifth  pumping  station  (Richards,  1990)  was  added 
south  of  the  equalization  storage  basin  in  1984  to  capture  suspected  groundwater  flow 
towards  the  treatment  building.  During  low-flow  periods  in  the  summer  months, 
groundwater  seepage  from  the  former  Tuttle  Shaft  in  the  Main  Mine  Area  was  found  to 
have  a  measurable  effect  on  the  water  quality  of  the  Moira  River.  A  sixth  pumping  station 
was  installed  in  the  Tuttle  Shaft  in  1985  (Richards,  1990)  to  convey  Tuttle  Shaft  seepage  to 
the  equalization  storage  basin  via  an  above  ground  discharge  line.  The  Tuttle  Shaft 
pumping  station  is  only  operated  during  the  summer  months.  Figure  3-1  shows  the  layout 
of  the  existing  groundwater  collection  system. 

Upon  entering  the  treatment  plant  from  the  equalization  storage  basin,  the  feed  water 
passes  through  a  flow  meter  and  into  a  2,135-L  ferric  chloride  reactor.  Within  the  reactor, 
the  waters  are  mixed  with  ferric  chloride  for  a  nominal  retention  time  of  5  minutes.  The 
ferric  chloride  is  pumped  into  the  contact  tank  from  one  of  two  23,000-L  solution  tanks. 
This  step  allows  the  arsenic  to  react  with  the  iron. 

From  the  ferric  chloride  reactor,  the  waters  flow  into  a  4,012-L  lime  reactor  with  a  nominal 
retention  time  of  10  minutes.  The  waters  are  mixed  with  the  lime  slurry  that  is  pumped  into 
the  tank  from  a  2,273-L  mix  tank.  The  slurry  tank  is  fed  from  a  30-tonne  hydrated  lime 
storage  silo  and  mixed  with  water  from  a  4,546-L  makeup  water  storage  tank.  The  makeup 
water  can  be  either  municipal  water  or  plant  effluent.  The  slurry  is  volumetrically  fed  to  the 
lime  reactor  by  a  VFD  (variable  frequency  drive)  pump  which  is  electronically  adjusted  by 
the  pH  probe  in  the  lime  reactor.  The  lime  raises  the  pH  which  causes  a  ferric  arsenate 
precipitate  to  form. 

From  the  lime  reactor,  the  waters  travel  through  a  200-mm  line  to  a  polymer  reactor  tank. 
They  are  mixed  with  a  polymer  solution  to  assist  the  formation  of  a  ferric  arsenate  floe;  the 
nominal  retention  time  is  5  minutes.  The  polymer  bags  are  placed  into  a  dustless  bag 
breaker  and  fed  through  a  helix  screw  feeder  into  a  wet  box  where  the  polymer  dissolves  in 
municipal  water.  The  wet  box  discharges  into  the  mix  tank  where  the  polymer  is  mixed  and 
aged  until  it  is  needed. 
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Finally,  the  waters  flow  into  a  large  circular  sludge  clarifier  4.6  metres  in  diameter.  The 
ferric  arsenate  floes  settle  out  and  form  a  ferric  arsenate  sludge.  One  air  compressor  runs 
two  pumps  that  feed  the  process  sludge  (7.5  percent  solids  content)  to  the  ferric  arsenate 
sludge  lagoon  at  the  south  end  of  the  Industrial  Area.  The  sludge  storage  lagoon,  which  is 
based  on  a  natural  freeze/ thaw  dewatering  design,  is  under-drained  with  a  collection 
system.  Excess  water  from  the  dewatering  process  drains  by  gravity  to  Pumping  Station  #3 
and  is  returned  to  the  equalization  storage  basin  for  treatment. 

The  effluent  discharge  is  monitored  by  a  pH  probe,  turbidity  meter,  and  suspended  solids 
meter.  After  treatment,  the  effluent  water  is  pumped  into  the  makeup  tank  or  is  allowed  to 
outfall  into  NWC.  The  sludge  from  the  treatment  process  is  pumped  to  the  sludge  storage 
lagoon  through  a  100-mm  sludge  sewer.  The  sludge  sewer  can  be  accessed  at  three  points 
by  inspection  holes  located  approximately  60  m  apart. 

Since  assuming  control  of  the  site  in  1979,  the  MOE  has  implemented  various  remediation 
strategies  to  reduce  the  arsenic  loading  to  the  Moira  River,  including  the  operation  of  the 
arsenic  treatment  plant  since  1983.  These  measures  have  had  a  significant  positive  impact 
on  river  water  quality,  lowering  the  annual  average  daily  arsenic  loading  from  52.1  kg/ day 
to  consistently  less  than  10  kg/ day.  Table  3.1  summarizes  the  arsenic  treatment  plant's 
performance. 

Table  3.1 

Deloro  Arsenic  Treatment  Plant  Performance 


Year 

Water  Treated 
(m3) 

Influent  As 
(mg/L) 

Effluent  As 
(mg/L) 

Treatment 

Efficiency 

(%) 

Arsenic 

Removed 

(kg) 

1984 

82,295 

189 

0.361 

99.8 

17,787 

1985 

127,705 

133 

0.202 

99.8 

14,294 

1986 

168,422 

89 

0.223 

99.7 

13,561 

1987 

153,610 

87.775 

0.153 

99.8 

13,273 

1988 

164,341 

99.334 

0.127 

99.9 

15,729 

1989 

104,567 

120.741 

0.177 

99.9 

11,733 

1990 

99,842 

110.071 

0.194 

99.8 

10,913 

1991 

* 

144.499 

0.227 

99.8 

* 

1992 

87,139 

161.714 

0.199 

99.9 

12,734 

1993 

88,717 

138.141 

0.223 

99.8 

11,478 

1994 

169,868 

105.313 

0.187 

99.8 

16,380 

1995 

78,528 

112.173 

0.151 

99.9 

8,618 

1996 

86,525 

147.696 

0.164 

99.9 

12,738 

*  Problem  with  Flow  Meter 
Source:  OCWA,  1997a 


3.1.2      Groundwater  Monitoring 

Groundwater  within  the  Industrial  Area  has  been  sampled  on  a  regular  basis  since  1988. 
These  samples  are  submitted  for  analysis  and  the  results  are  tabulated  (OCWA,  1997c). 
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The  groundwater  monitoring  system  has  been  separated  into  two  functional  groups: 

•  Operation  samples 

•  Monitoring  well  samples 

The  operation  samples  are  drawn  from  the  six  pumping  stations  and  the  two  groundwater 
inspection  holes  (i.e.  the  north  groundwater  man  hole  [NGWM]  and  the  south  groundwater 
man  hole  [SGWM]).  All  samples  have  been  tested  for  arsenic  and  heavy  metals,  including 
aluminum,  cobalt,  copper,  lead,  mercury,  molybdenum,  nickel,  and  zinc. 

Forty-seven  original  monitoring  wells  were  installed  by  Golder  Associates  in  1988  (Golder, 
1988).  Thirty-nine  wells  remain  from  which  groundwater  samples  can  be  collected  and 
analyzed.  The  eight  wells  that  do  not  yield  water  samples  are  either  dry  or  have  been 
compromised. 

Monitoring  wells  GA  6  and  GR 1  were  selected  to  represent  "background"  during  the  Golder 
Associates  study  based  on  the  absence  of  the  major  contaminants,  such  as  arsenic,  cobalt, 
mercury,  cyanide,  etc.  Well  GA  6  is  located  in  the  northwest  portion  of  the  site,  approximately 
mid-span  to  the  equalization  storage  basin  and  is  representative  of  the  overburden 
"background."  Well  GR  1  is  located  in  the  northeast  section  of  the  site  south  of  the  Turtle  Shaft 
and  is  representative  of  non-mineralized  bedrock  "background."  This  well  was  drilled  directly 
into  the  granite  outcrop.  The  location  of  wells  GA  6  and  GR  1  as  well  as  the  remainder  of  the 
"GA"  and  GR"  series  of  monitoring  wells  are  shown  on  Figure  3-1. 

Although  the  natural  groundwater  seems  to  be  relatively  free  of  most  metal  species,  the 
background  wells  show  evidence  of  elevated  levels  of  arsenic.  The  other  wells  (excluding 
GA  6  and  GR  1)  display  varying  levels  of  contamination.  With  the  exception  of  arsenic, 
cobalt,  and  mercury,  the  individual  average  concentrations  over  time  have  been  relatively 
low.  The  overall  average  concentrations  as  compared  to  the  existing  or  interim  Provincial 
Surface  Water  Quality  Objectives  (PWQO)  appear  elevated  for  arsenic,  cobalt,  and  copper. 
Both  arsenic  and  mercury  are  known  to  occur  in  the  natural  bedrock  in  the  vicinity  of  the 
site. 

Arsenic  concentrations  in  the  overburden  groundwater  have  ranged  from  non-detect  in  the 
background  well  to  2,190  mg/L  in  the  well  located  immediately  downgradient  of  the  central 
portion  of  the  Industrial  Area.  With  the  exception  of  well  GA  24,  the  arsenic  concentration 
has  exceeded  the  existing  PWQO  of  0.100  mg/L  in  every  listed  well  at  one  point  in  the 
monitoring  history. 

In  the  bedrock,  the  arsenic  concentration  ranges  from  0.05  mg/L  in  the  deep  rock  at  the 
extreme  south  end  of  the  Industrial  Area  to  1,400  mg/L  in  the  shallow  rock  east  of  the 
central  portion  of  the  Industrial  Area.  A  high  spike  of  2,100  mg/L  was  measured  in  October 
1993  in  the  well  immediately  north  (i.e.  upgradient)  of  the  concrete  cut-off  wall  (i.e.  GR  3). 

In  addition  to  the  elevated  concentrations  of  arsenic,  the  groundwater  in  the  Industrial  Area 
also  contains  elevated  levels  of  other  metal  contaminants.  Many  of  the  wells  exhibit  elevated 
levels  of  cobalt  exceeding  100  |~ig/L  and  elevated  levels  of  copper  exceeding  23  (ig/L 
(OCWA,  1997c). 

Table  3.2  summarizes  the  average  results  of  groundwater  monitoring  between  1988  and  1995. 
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Table  3.2 

Average  Chemical  Quality  in  Groundwater  (May  1988  -  J  anuary  1995) 


Well 

PH 

Cond. 
(ms/cm) 

Al 
(mg/L) 

As 
(mg/L) 

Co 
(mg/L) 

Cu 
(mg/L) 

Hg 
(Hg'L) 

Mo 
(mg/L) 

Ni 
(mg/L) 

Pb 
(mg/L) 

Zn 
(mg/L) 

GA1-1 

7.313 

0.711 

0.317 

13.031 

0.079 

0.040 

0.039 

0.025 

0.042 

0.033 

0.016 

GA1-2 

7.23 

0.79 

3.456 

11 

1.805 

1.701 

4.901 

0.029 

0.845 

0.068 

0.315 

GA2-1 

7.35 

0.94 

0.241 

887.60 

0.035 

0.016 

0.264 

0.111 

0.048 

0.028 

0.017 

GA2-2 

8.22 

1.31 

2.057 

1042.4 

0.211 

0.031 

31.617 

0.202 

0.149 

0.167 

0.035 

GA3 

6.37 

1.21 

0.315 

526.35 

0.214 

0.007 

0.058 

0.215 

0.019 

0.036 

0.013 

GA4 

7.05 

2.52 

0.333 

12.133 

1.779 

0.031 

0.063 

0.026 

0.760 

0.023 

0 

GA5 

6.48 

1.55 

0.471 

2.576 

5.322 

0.060 

0.079 

0.010 

2.050 

0.020 

0.024 

GA61 

7.31 

0.67 

0.256 

0.178 

0.028 

0.008 

0.022 

0.008 

0.019 

0.019 

0.027 

GA7 

7.35 

0.75 

0.267 

0.892 

0.035 

0.006 

0.036 

0.011 

0.009 

0.017 

0.004 

GA8 

7.37 

0.59 

0.597 

11.239 

0.029 

0.013 

0.208 

0.013 

0.031 

0.017 

0.03 

GA9 

6.98 

1.41 

0.251 

13.714 

0.021 

0.008 

0.139 

0.017 

0.011 

0.032 

0.007 

GA  12-1 

9.07 

0.79 

1.425 

79.432 

0.627 

0.088 

0.136 

0.162 

0.039 

0.020 

0.008 

GA  12-2 

11.92 

3.00 

1.212 

15.942 

0.178 

0.208 

0.263 

0.389 

0.050 

0.040 

0.012 

GA14 

7.26 

1.41 

0.574 

29.386 

10.900 

0.061 

1.107 

4.893 

2.815 

0.024 

0.354 

GA15 

7.27 

1.14 

4.444 

29.727 

7.146 

0.098 

1.671 

0.045 

1.042 

0.018 

0.1 

GA16 

7.46 

0.67 

0.772 

2.579 

0.868 

0.074 

6.799 

0.103 

0.285 

0.031 

0.035 

GA18 

7.22 

0.61 

0.862 

27.289 

0.420 

0.022 

0.145 

0.041 

0.127 

0.018 

0.208 

GA19 

7.48 

1.03 

4.357 

34.594 

9.426 

0.499 

53.359 

0.234 

3.554 

0.244 

0.28 

GA20 

7.38 

0.89 

1.004 

11.715 

0.170 

0.010 

1.829 

0.055 

0.033 

0.011 

0.006 

GA21 

8.01 

1.00 

5.554 

26.585 

0.529 

0.469 

18.175 

0.076 

1.217 

0.073 

0.098 

GA22 

7.43 

0.97 

0.187 

13.650 

0.049 

0.004 

2.008 

0.134 

0.029 

0.041 

0.003 

GA23 

7.19 

1.07 

9.365 

11.189 

0.155 

0.068 

1.439 

0.019 

0.078 

0.068 

0.095 

GA24 

7.38 

0.97 

0.095 

0.022 

0.031 

0.008 

0.000 

0.031 

0.015 

0.034 

0 

GR  l-l2 

7.65 

1.16 

0.297 

1.579 

0.010 

0.011 

0.063 

0.039 

0.009 

0.011 

0.009 

GR1-2 

7.70 

1.62 

1.351 

108.62 

0.011 

0.015 

0.234 

0.049 

0.012 

0.020 

0.011 

GR2-1 

7.25 

1.65 

1.531 

63.860 

0.051 

0.015 

0.262 

0.039 

0.035 

0.039 

0.015 

GR3-1 

6.57 

2.87 

0.305 

271.95 

0.511 

0.013 

3.388 

0.138 

0.340 

0.058 

0.019 

GR3-2 

6.90 

3.33 

0.351 

1301.3 

0.201 

0.013 

57.530 

0.152 

0.082 

0.077 

0.013 

GR3-3 

7.01 

3.35 

0.305 

465.15 

0.220 

0.021 

18.00 

0.094 

0.061 

0.145 

0.013 

GR4-1 

7.31 

1.26 

0.341 

17.008 

0.054 

0.011 

0.068 

0.033 

0.049 

0.019 

0.013 

GR4-2 

6.92 

1.75 

0.41 

15.288 

0.283 

0.010 

1.902 

0.056 

0.141 

0.039 

0.009 

GR5-1 

7.79 

1.82 

0.376 

77.083 

0.257 

0.015 

0.117 

0.170 

0.022 

0.030 

0.012 

GR5-2 

7.65 

1.02 

0.362 

167.11 

0.119 

0.012 

0.738 

0.119 

0.016 

0.013 

0.004 

GR5-3 

8.41 

0.68 

0.366 

56.647 

0.149 

0.015 

0.660 

0.112 

0.053 

0.038 

0 

GR8-1 

7.35 

1.27 

0.365 

0.271 

0.029 

0.016 

0.025 

0.037 

0.017 

0.037 

0.048 

GR8-2 

7.18 

0.98 

1.618 

1.789 

0.017 

0.011 

0.589 

0.037 

0.023 

0.023 

0.071 

GR9-1 

7.51 

0.76 

0.237 

15.423 

0.293 

0.010 

0.051 

0.036 

0.068 

0.026 

0.004 

GR9-2 

7.24 

0.78 

0.272 

24.082 

0.355 

0.010 

0.047 

0.059 

0.080 

0.026 

0.003 

GR9-3 

7.09 

0.84 

6.658 

15.401 

0.733 

0.050 

0.502 

0.054 

0.221 

0.054 

0.074 

GR  10-1 

7.26 

0.99 

0.285 

10.215 

3.129 

0.007 

0.024 

0.041 

0.432 

0.005 

0.009 

GR  10-2 

7.24 

1.25 

0.265 

19.381 

0.267 

0.010 

0.049 

0.024 

0.051 

0.012 

0.011 

GR  11-1 

7.81 

1.74 

0.305 

0.338 

0.019 

0.018 

0.043 

0.048 

0.020 

0.014 

0.01 

GR  11-2 

7.75 

0.52 

2.134 

1.116 

0.16 

0.011 

1.79 

0.042 

0.012 

0.010 

0.009 

GR12 

7.47 

0.64 

0.334 

0.679 

0.006 

0.005 

0.035 

0.023 

0.012 

0.022 

0.006 

Average 

7.48 

1.28 

1.293 

123.57 

1.066 

0.087 

4.783 

0.187 

0.341 

0.041 

0.047 

MOE  Table  A  Potable  Groundwater 
Criteria  (1997  Guideline  for  the  Cleanup 
of  Contaminated  Sites  in  Ontario) 

PWQO3 


0.025  0.1 


0.023  0.12  7.3  0.1  0.01  1.1 


(0.075)       (0.005)       0.0009      (0.001)         0.2  0.04        0.025      (0.001)     (0.02) 


Source:  OCWA,  1997c. 

Notes:       1  Background  monitoring  well  (overburden) 

2  Background  monitoring  well  (non-mineralized  bedrock) 

3  PWQO  =  Provincial  Water  Quality  Objectives  for  protection  of  aquatic  life.  ( ) : 


Interim  PWQO 
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3.1.3      Surface  Water  Monitoring 

Sampling  stations  have  been  established  to  monitor  the  effect  the  Deloro  site  has  on  the 
surface  water  quality  of  the  Moira  River  and  Young's  Creek.  The  sampling  stations  have 
been  divided  into  two  separate  sample  runs:  the  Moira  River  sample  run  and  the  Young's 
Creek  sample  run.  The  following  is  a  description  of  the  sample  sites. 

Moira  River  Sample  Run 

•  Stn  1  -  Station  1  is  located  at  the  river  and  is  upstream  of  the  Deloro  site. 

•  Gatling  -  Samples  are  collected  from  the  Gatling  Shaft  runoff  to  the  river. 

•  Stn  2  -  Station  2  is  located  at  the  river  between  the  Gatling  and  Tuttle  locations. 

•  Tuttle  -  Samples  are  collected  from  the  Tuttle  Shaft  runoff  to  the  river. 

•  Stn  3  -  Station  3  is  located  downstream  of  the  Tuttle  Shaft  and  just  north  of  the  Deloro 
falls  east  of  the  boarding  house  ruins. 

•  Stn  4  -  Station  4  is  located  immediately  upstream  of  the  weir  south  of  the  mine  site  bridge. 

•  DM  6  -  Samples  are  collected  from  the  runoff  west  of  the  west  tailings  dam  which 
eventually  makes  its  way  to  the  river. 

•  Stn  320  -  Samples  are  collected  from  the  runoff  through  the  old  equalization  pond  and 
dump. 

•  NWC  -  Samples  are  collected  from  the  runoff  at  NWC  to  the  river. 

•  Stn  5  -  Station  5  is  located  approximately  100  m  downstream  of  the  NWC  station. 

•  Stn  6  -  Station  6  is  located  approximately  200  m  downstream  of  Station  5. 

•  Hwy7/DM  7  -  Highway  7  and  the  Moira  River  represents  the  downstream  point  for  the 
Moira  River  sample  run;  and  the  upstream  Moira  River  point  for  assessing  the  Young's 
Creek  contribution. 

Young's  Creek  Sample  Run 

DM  5  -  Samples  are  collected  from  Young's  Creek  at  the  head  of  the  beaver  dam 
(Upstream  point). 

DM  3  -  Samples  are  collected  from  the  beaver  dam,  south  of  DM  4  and  east  of  the  east 
tailings  dam. 

DM  4  -  Samples  are  collected  from  the  runoff  east  of  the  east  tailings  dam  to  Young's 
Creek. 

DM  2  -  Samples  are  collected  from  Young's  Creek  at  Highway  7. 

Hwy7/DM  7  -  Samples  are  collected  from  the  upstream  Moira  River  point  for  assessing 
the  Young's  Creek  contribution. 

DM  1  -  Samples  are  collected  from  Young's  Creek  at  the  Moira  River  (before  Young's 
Creek  enters  the  river). 

DM  82  -  Samples  are  collected  from  the  Moira  River  downstream  of  Young's  Creek. 


2  Sampling  began  in  1993. 
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Figure  3-1  shows  the  location  of  the  operation  and  surface  water  sampling  stations. 

Routine  surface  water  sampling  at  the  Deloro  site  dates  back  to  1980  and  has  been  tabulated 
(OCWA,  1997b).  The  samples  are  currently  analyzed  for  arsenic  and  heavy  metals  including 
aluminum,  nickel,  lead,  copper,  cobalt,  mercury,  molybdenum,  and  zinc.  Testing  for  cyanide 
was  conducted  in  the  years  preceding  1991  but  has  since  been  discontinued,  as  it  has  not 
been  detected  at  significant  levels  at  the  site. 

Based  on  annual  average  calculations,  the  arsenic  concentration  has  increased  by  as  much  as 
58  times  the  background  or  upstream  value  as  the  Moira  River  crosses  the  Industrial  Area. 
The  yearly  averages  for  arsenic  at  several  of  the  sampling  stations  exceeded  the  annual 
average  site  objective  of  0.05  mg/L,  and  the  interim  PWQO  of  0.005  mg/L  (MOE,  1994).  The 
interim  PWQO  was  exceeded  based  on  monthly  averages,  especially  in  the  late  summer 
months. 

When  the  surface  water  arsenic  values  are  observed  from  upstream  of  the  Industrial  Area 
through  to  the  Highway  7/Moira  River  sampling  point,  the  arsenic  values  (mg/L)  rise 
steadily,  as  illustrated  by  the  following  station  results  for  the  month  of  July  1996: 


Month 

Stn  1 

Stn  2 

Stn  3 

Stn  4 

Stn  5 

Stn  6 

Stn  8 

July 

0.002 

0.004 

0.038 

0.042 

0.053 

0.056 

0.056 

A  ten-fold  increase  in  the  arsenic  concentration  occurs  between  Station  2  and  Station  3.  The 
Golder  Associates  report  (Golder,  1988)  suggests  that  the  major  influence  to  the  river 
concentration  occurs  in  the  vicinity  of  the  Tuttle  Shaft. 

The  results  in  the  Golder  Associates  report  (Golder,  1988)  also  showed  mercury  increasing 
as  the  Moira  River  crosses  the  site.  Results  for  mercury  have  been  non-detect  or  comparable 
to  upstream  background  levels  in  most  recent  years.  Results  have  been  below  the  PWQO  of 
0.2  u,g/L  (MOE,  1994).  The  detection  limit  for  mercury  is  0.1  u.g/L. 

3.1.4      Soil  Investigation 

Soil  samples  were  collected  by  Golder  Associates  from  various  locations  and  test  pits 
excavated  throughout  the  Industrial  Area.  The  samples  were  digested  in  hydrofluoric  acid 
(HF).  This  test  procedure  was  suggested  by  the  laboratory  in  order  to  establish  realistic 
results  of  metal  species  that  may  be  adsorbed  very  strongly  to  the  soil  particles  (Golder, 
1988).  This  method  gives  an  accurate  representation  of  the  contaminant  species  but  not  the 
leaching  potential  of  those  species  in  the  natural  environment. 

Golder  Associates  (Golder,  1988)  collected  and  analyzed  27  samples  of  soil,  17  of  which  con- 
tained arsenic  levels  exceeding  10,000  ppm.  Nine  samples  contained  arsenic  with  concentra- 
tions exceeding  1,000  ppm.  Elevated  levels  of  other  heavy  metal  species,  particularly  cobalt, 
nickel,  copper,  and  mercury,  were  detected  in  samples  collected  throughout  the  site. 


3.2      Physical  Setting 


This  section  describes  the  physical  characteristics  of  the  Deloro  Mine  Site  and  the  Industrial 
Area. 
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3.2.1  Climate 

The  Deloro  area  and  the  surrounding  region  receive  an  average  yearly  precipitation  of 
889-mm  (Environment  Canada,  1990).  Maximum  precipitation  usually  occurs  in  the  month 
of  September  with  approximately  80  to  100  mm  of  rain.  The  spring  growing  season  of  April, 
May,  and  June  accounts  for  about  one  quarter  of  the  yearly  precipitation.  The  months  of 
September,  October,  and  November  account  for  about  one  quarter  of  all  precipitation  either 
as  rain  or  snow. 

The  spring  to  fall  average  mean  temperature  is  16.9°C.  The  winter  mean  temperature  is 
-7.4°C.  The  daily  minimum  average  temperature  for  January  and  February  is  -13.4°C  and 
the  daily  maximum  highs  average  25.3°C  for  the  June  to  August  period.  The  minimum  and 
maximum  average  temperatures  result  in  a  maximum  annual  range  of  approximately 
38.7°C.  The  record  high  was  recorded  in  the  summer  of  1988,  when  temperatures  exceeded 
40.6°C  over  a  seven-day  period.  The  record  low  for  the  area  is  -40°C.  Winds  in  November  to 
March  prevail  from  the  west  and  in  the  spring  and  summer  months  winds  prevail  from  the 
southwest. 

3.2.2  Topography 

The  Industrial  Area  is  located  near  the  geologic  contact  between  the  Precambrian  (about 
1,400-million-year-old)  shield  to  the  east  and  the  relatively  flat-lying  Palaeozoic  (about  450- 
million-year-old)  limestones,  which  underlie  the  extreme  west  of  the  site  and  most  of  the 
village. 

The  surface  of  the  Precambrian  bedrock  is  very  irregular  and  reflects  weathering  processes 
during  early  Palaeozoic  times  prior  to  the  deposition  of  the  limestone  strata  that  now  covers 
much  of  the  area  west  of  the  property.  The  irregular  bedrock  surface  often  protrudes 
through  the  overburden  forming  prominent  bedrock  knobs  over  much  of  the  site.  In 
general,  the  ground  surface  at  the  Deloro  site  slopes  to  the  south  and  to  the  east  toward  the 
Moira  River.  The  overburden  is  generally  thin  (less  than  3  m)  but  is  up  to  9  m  thick  in  some 
areas.  Elevations  over  the  site  range  from  approximately  205  metres  above  sea  level  (masl) 
along  the  north  boundary  of  the  Industrial  Area  to  approximately  185  masl  along  the  banks 
of  the  Moira  River  and  in  low-lying  areas  in  the  south  of  the  property. 

The  surface  topography  and  drainage  have  been  extensively  altered  over  the  more  than  100 
years  of  mining,  refining  and  manufacturing  activities  on  the  site.  Surface  drainage  is 
currently  divided  by  a  ridge  of  high  ground  that  trends  north-south  through  the  middle  of 
the  property.  To  the  west  of  this  ridge,  some  of  the  runoff  is  collected  by  a  creek  known  as 
New  Westerly  Creek.  This  creek  is  a  constructed  ditch,  which  drains  into  a  wetland  on  the 
southwest  part  of  the  property  and  then  eventually  drains  into  the  Moira  River.  The  original 
creek,  Old  Westerly  Creek,  flowed  diagonally  across  the  site  and  discharged  to  the  Moira 
River  at  a  point  coincident  with  the  current  active  ferric  arsenate  sludge  lagoon.  The 
remainder  of  the  runoff  flows  easterly  and  southerly  to  the  Moira  River. 

Four  constructed  ponds/ lagoons  are  located  on  the  site.  Three  ponds/ lagoons  are  located  at 
the  south  end  of  the  Industrial  Area;  the  other  pond/  lagoon  is  an  equalization  storage  basin 
in  the  west  central  part  of  the  site  that  holds  contaminated  water  awaiting  treatment.  The 
two  southernmost  ponds/ lagoons  (former  nickel  ponds)  contain  water  but  are  not 
interconnected;  the  south  nickel  pond  contains  surface  water  with  elevated  arsenic  levels 
(Golder,  1988)  and  drains  into  the  Moira  River  when  pond  levels  are  high.  The  remaining 
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pond/ lagoon  is  the  active  ferric  arsenate  sludge  lagoon  that  has  an  underdrain  system 
leading  to  the  equalization  storage  basin  for  treatment. 

Figure  3-2  shows  the  principal  topographic  features  of  the  Deloro  site/ Industrial  Area. 

3.2.3      Geologic  Setting 

The  general  geologic  setting  involves  the  mine  site  being  is  located  at  the  contact  between 
Precambrian  basement  rocks  and  overlying  Palaeozoic  sedimentary  rocks.  Bedrock  is 
exposed  primarily  at  the  north  end  of  the  site  and  along  the  Moira  River,  which  passes 
through  the  MOE-controlled  property.  Young's  Creek,  to  the  east  of  the  site,  is  established 
in  a  topographic  depression  flanked  by  low  bedrock  scarps  and  outcrops.  The  bedrock  over 
much  of  the  site  is  covered  by  natural  overburden,  clay  fill,  building  rubble,  tailings,  slag,  or 
a  mixture  of  all  of  these.  The  natural  overburden  consists  primarily  of  silty  clay  with  minor 
amounts  of  silty  sand  and  peat.  These  native  soils  are  generally  found  in  areas  of  low 
topography. 

Bedrock  Geology 

Precambrian  metasedimentary  and  metavolcanic  rock  forms  the  bedrock  under  most  of  the 
site  except  for  the  western  edge  of  the  property,  which  is  underlain  by  Palaeozoic  limestones 
and  shale,  and  the  eastern  portion  of  the  property,  which  is  underlain  by  the  Deloro 
Pluton  —  a  felsic  intrusive  ranging  from  granitic  to  syenitic  in  composition  (Chapman  and 
Putnam,  1984).  The  syenitic  phase  of  the  intrusion  is  more  prevalent  on  the  southern  half  of 
the  Deloro  Pluton.  A  few  skarn  lenses  occur  within  300  m  northwest  and  southwest  of  the 
major  mine  shafts.  Granitic  phases  include  syenite,  granite,  and  diorite.  The  granite  is 
typically  pink,  massive,  medium-grained,  and  well  jointed.  The  bedrock  generally  has  a 
northwesterly  strike  and  dips  steeply.  Joint  orientations  in  the  rock  trend  northeasterly  and 
northwesterly.  Frequent  weathered  fracture  planes  at  60  to  80  degrees  from  horizontal  were 
noted  in  the  granite  below  the  cut-off  wall  along  the  Moira  River. 

Areas  of  exposed  bedrock  are  shown  on  Figure  3-3.  Bedrock  outcrops  frequently  occur  over 
the  area  north  and  northeast  of  the  main  plant  site,  where  the  main  mining  activities  and 
early  milling/ refinery  operations  took  place.  A  bedrock  high  exists  to  the  north  of  the 
primary  treatment  building  and  passes  southward  beneath  this  structure.  A  bedrock  ridge 
rises  sharply  along  the  site  access  road,  continues  beneath  the  MOE  arsenic  treatment  plant, 
and  extends  a  significant  distance  to  the  south.  The  bedrock  slopes  off  eastwards  beneath 
the  slag  pile,  westward  towards  NWC,  and  southward  towards  the  old  equalization  pond. 
In  borehole  GA  25,  to  the  west  of  the  castings  building,  and  borehole  GR  6,  north  of  the 
castings  buildings,  respectively,  the  bedrock  is  overlain  by  approximately  2.8  m  and  4.6  m, 
respectively,  of  slag.  Bedrock  outcrops  discontinuously  along  the  Moira  River  from  the  mine 
site  bridge  southward  to  the  NWC  discharge.  Bedrock  has  been  exposed  by  site  excavation 
work  along  the  west  side  of  the  north  nickel  pond  and  along  the  southwest  and  southeast 
sides  of  the  south  nickel  pond.  These  pond  locations  are  the  result  of  localized  depressions 
in  the  bedrock  and  placement  of  fill  materials. 

Beneath  the  main  slag  pile  to  the  northwest  of  the  castings  building  is  an  apparent  decline  in 
the  bedrock  surface  trending  northeast  to  southwest  from  an  elevation  of  approximately 
191  masl  in  the  northwest  to  an  elevation  of  approximately  187  masl  in  the  area  of  the 
castings  and  cobalt  oxide  buildings.  This  eastwardly  declining  bedrock  surface  continues 
northward  through  the  arsenic  packing  shed/baghouse  area. 
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Overburden  Geology 

The  deepest  overburden  is  encountered  in  the  vicinity  of  the  equalization  storage  basin 
within  an  area  bounded  by  the  primary  treatment  building  slab  on  the  east  and  NWC  on  the 
west.  Bedrock  in  this  area  is  typically  present  between  6  and  9  m  below  ground  surface. 
Bedrock  within  this  zone  forms  a  "bowl"  bounded  by  bedrock  outcrops  or  subcrops  north  of 
the  calcium  arsenite  stockpile,  beneath  the  former  primary  treatment  building  and  the 
arsenic  treatment  plant.  This  part  of  the  site  was  originally  a  poorly  drained  wetland,  which 
was  filled  with  various  waste  materials.  The  original  ground  surface  across  most  of  this  area 
was  determined  by  Golder  Associates  (Golder,  1988)  by  the  presence  of  organic  soils  at  an 
elevation  of  approximately  193.5  masl.  Current  elevations  within  the  area  range  from  194  to 
197  masl. 

Fill  comprises  up  to  3  m  consisting  mainly  of  red  brown  silty  clay  and  brown  sandy  silt, 
with  sand  and  gravel  inclusions,  slag,  cobbles,  and  organic  material.  Localized  pockets  of  a 
white,  powdery  material  (chemical  characterization  of  this  material  indicates  it  may  be 
calcium  arsenite)  and  ferric  hydroxide  (red  mud)  tailings  are  also  present  in  localized  areas. 

The  calcium  arsenite  stockpile  covers  an  area  of  approximately  160  m  by  70  m  in  the  central 
part  of  the  area.  The  calcium  arsenite  was  placed  in  lifts  with  the  north  portion  of  the  pile 
being  approximately  0.75  m  higher  than  the  south.  Both  portions  of  the  stockpile  are 
currently  covered  by  a  thin  layer  of  slag  to  prevent  dusting.  Golder  Associates  (Golder, 
1988)  indicated  that  the  thickness  of  the  north  portion  of  the  stockpile  pile  is  approximately 
2.4  m  and  the  south  pile  is  approximately  1  m  thick,  corresponding  to  a  base  elevation  of 
approximately  194.5  masl.  Considering  available  borehole  data,  about  1  m  of  unknown  fill 
material  may  exist  between  the  base  of  the  stockpile  and  the  underlying  organic  soils.  The 
advancement  of  boreholes  during  the  1988  investigation  of  the  site  indicated  additional 
calcium  arsenite  buried  beneath  fill  material  to  the  east/ northeast  of  the  main  calcium 
arsenite  stockpile.  Boreholes  GA  2  and  GA  12  encountered  about  1  m  of  grey-white  material 
suspected  to  be  calcium  arsenite  below  2.1  to  2.9  m  of  earth  fill.  The  presence  of  this  material 
indicates  that  the  calcium  arsenite  stockpile  extends  northward  into  the  depression  between 
the  bedrock  outcrops. 

Organic  soils  (0.2  to  1.6  m)  consisting  of  dark  brown  peat,  very  soft  cream-coloured 
calcareous  marl,  and  organic  silty  clay  are  located  beneath  the  fill.  This  peat,  marl,  and  clay 
represents  all  or  a  portion  of  the  thickness  of  organic  cover  in  this  originally  poorly  drained 
area  of  the  site.  The  organic  soils  are  generally  underlain  by  a  layer  of  silty  clay  to  clayey  silt 
soils,  which  range  in  thickness  at  the  borehole  locations  from  1.5  to  5.6  m,  but  are  typically  2 
to  3.5  m  thick.  The  clay  ranges  in  colour  from  grey  to  grey-brown  depending  on  the  degree 
of  weathering;  the  upper  zone  is  often  greyish  green  in  colour  and  contains  traces  of  organic 
materials  associated  with  the  overlying  wetland  deposits.  The  clay  deposit  may  be  absent 
near  the  perimeter  of  the  equalization  storage  basin  because  of  its  use  for  construction  of  a 
compacted  clay  liner. 

A  stratum  of  grey  to  red-brown  silty  sand  and  gravel  is  typically  encountered  beneath  the 
silty  clay  and  immediately  overlying  bedrock.  The  thickness  of  this  layer  generally  ranges 
from  0.2  to  2.6  m. 

North  of  the  equalization  storage  basin,  in  the  extreme  northwest  portion  of  the  Industrial 
Area,  is  a  narrow  arm  or  "tongue"  of  low-lying  terrain  that  was  originally  part  of  the  low 
wetland  area  in  the  central  portion  of  the  site.  This  area  contains  about  0.6  to  1  m  of  yellow- 
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brown  to  orange  to  grey  fine  to  coarse  sandy  tailings  thought  to  be  from  early  gold 
processing  (Golder,  1988). 

The  low  wetland  area  in  the  vicinity  of  the  equalization  storage  basin  and  calcium  arsenite 
stockpile  is  separated  from  the  Moira  River  by  a  ridge  of  elevated  bedrock  that  runs  in  a 
north-south  orientation  beneath  the  former  primary  treatment  building.  The  area  between 
the  former  primary  treatment  building  and  the  Moira  River  was  originally  exposed  to  very 
shallow  bedrock,  which  has  subsequently  been  covered  with  1.5  to  3.5  m  of  fill  materials. 
Fill  in  this  area  consists  mainly  of  very  loose  cinder  and  ashes,  with  traces  of  brick,  gravel, 
and  wood,  and  contains  building  rubble  and  debris.  The  fill  materials  are  underlain  either 
directly  by  bedrock  or  by  a  thin,  discontinuous  layer  of  silty  sand  and  gravel  over  rock. 

An  approximate  1-m-thick  layer  of  an  organic  silt  deposit  containing  traces  of  a  greyish- 
white  substance  resembling  calcium  arsenite  was  encountered  by  Golder  Associates 
(Golder,  1988)  along  the  Moira  River  in  the  vicinity  of  the  former  cobalt  packing  house. 

The  alignment  of  Old  Westerly  Creek  is  reported  to  have  passed  by  the  southwest  corner  of 
the  castings  building  and  discharged  just  northeast  of  the  north  nickel  pond  (Golder,  1988). 
Boreholes  GA  18  and  GA  20  are  located  in  the  vicinity  of  this  alignment  and  encountered 
significant  thicknesses  of  natural  overburden  overlying  a  depressed  bedrock  surface. 
Beneath  slag  or  cinder  fill,  about  0.6  to  1.3  m  of  very  loose  sandy  to  silty  alluvium  and  soft 
organic  silt  were  encountered,  followed  by  0.8  to  2  m  of  very  stiff  grey  to  weathered  grey- 
brown  silty  clay.  This  clayey  soil  has  similar  plasticity  characteristics  and  moisture  contents 
to  those  encountered  onsite  to  the  northwest.  The  clays  are  underlain  by  a  layer  of  reddish- 
brown  silty  sand  and  gravel  and  what  is  assumed  to  be  the  bedrock  surface  where  auger 
refusal  was  encountered. 

Towards  the  southwest,  the  thickness  of  overburden  is  generally  about  2.5  to  3  m;  in  the 
vicinity  of  the  old  equalization  pond  and  the  wetland  to  the  west,  the  soil  cover  is  generally 
about  1.2  to  1.5  m  thick  with  some  shallow  bedrock  areas  and  outcrops. 

Adjacent  to  the  northwest  of  the  south  nickel  pond,  a  layer  of  soft  greyish-white  material 
was  encountered  (could  not  support  the  drilling  equipment).  The  1961  aerial  photograph 
shows  a  relatively  large  area  of  white  material  at  this  location  along  the  alignment  of  the 
diverted  Old  Westerly  Creek.  Chemical  analysis  of  this  material  (Golder  Associates  Sample 
25)  indicated  that  it  is  probably  lime  residue  from  the  treatment  process  in  use  at  the  time 
and  contained  arsenic  (4.76  percent)  and  mercury  (4,210  (ig/kg).  In  the  area  west  of  the 
inactive  ferric  arsenate  sludge  lagoon  is  1.2  to  1.8  m  of  fill  consisting  of  clays,  cinders  and 
ash,  brick,  concrete,  wood,  and  other  building  debris.  Some  soft  white  material  was  noted  in 
Test  Pit  9.  The  underlying  native  soil  consists  mainly  of  reddish-brown  silty  sand  and  gravel 
with  some  random  cobbles  and  boulders,  with  its  thickness  controlled  by  the  position  of  the 
underlying  bedrock  surface. 

3.2.4      Hydrogeology 

Groundwater  flow  at  the  Industrial  Area  is  altered  to  some  extent  by  constructed  features 
such  as  abandoned  underground  mine  workings,  exploratory  blasting,  the  cut-off  barrier 
wall  near  the  Moira  River,  drainage  collection  systems,  and  several  ponds/lagoons. 

Groundwater  flows  beneath  the  surface  through  overburden,  bedrock,  and/  or  a  combina- 
tion of  both.  In  general,  the  groundwater  flow  direction  is  easterly  and  southeasterly  toward 
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the  Moira  River.  In  the  overburden,  groundwater  flows  occur  primarily  through  more 
permeable  material  usually  lying  directly  on  the  bedrock  surface.  In  the  bedrock, 
groundwater  flows  occur  primarily  along  fractures,  bedding  planes,  and  similar  geological 
features.  Fracture  frequency  and  aperture  generally  decrease  with  depth  and,  therefore, 
groundwater  flow  through  the  bedrock  is  expected  to  be  greater  in  the  shallow  bedrock. 
Bedrock  flow  patterns  are  influenced  by  zones  of  higher  hydraulic  conductivity  associated 
with  natural  faulting  and/ or  folding. 

In  the  overburden,  an  apparent  groundwater  divide  exists  between  the  old  lab  building  and 
the  former  primary  treatment  building.  This  divide  is  probably  the  result  of  groundwater 
being  pumped  from  Pumping  Station  #5.  If  the  pump  does  not  run  sufficiently  long,  the 
groundwater  levels  in  the  area  of  the  equalization  storage  basin  would  likely  rise  enough  for 
groundwater  to  flow  southeast  toward  the  Moira  River. 

A  groundwater  divide  exists  in  the  bedrock  between  the  high  ground  at  the  former  primary 
treatment  building  and  the  powerhouse  to  the  north.  East  of  this  divide,  groundwater  flows 
more  or  less  directly  to  the  Moira  River.  West  of  this  divide,  groundwater  flows  in  the 
bedrock  along  a  longer  flow  path,  eventually  discharging  to  the  Moira  River  at  the  southeast 
sector  of  the  Industrial  Area. 

Figures  3-4  and  3-5  illustrate  interpreted  groundwater  flow  patterns  in  overburden  and 
shallow  bedrock,  respectively. 

3.2.5      Hydrology 

The  Moira  River  watershed,  which  includes  the  Deloro  site,  is  comprised  of  an  area  of 
approximately  2,750  km2  and  flows  from  this  watershed  are  discharged  into  the  Bay  of  Quinte 
on  the  northern  shore  of  Lake  Ontario.  Figure  3-6  shows  the  Moira  River  watershed  area.  The 
Moira  River  originates  in  an  area  of  Precambrian  rock  about  100  km  north  of  the  Bay  of  Quinte. 
Precambrian  rock  is  exposed  at  much  of  the  surface  in  the  northern  part  of  the  basin  but  is 
overlain  by  as  much  as  83  m  of  Palaeozoic  sedimentary  rocks  consisting  mainly  of  limestone, 
dolostone,  shale,  and  sandstone  in  the  southern  part  of  the  basin.  Sand  and  gravel  of 
glaciofluvial  origin,  as  well  as  organic  deposits,  are  the  primary  overburden  materials  in  the 
northern  half  of  the  watershed  while  glacial  till,  glaciofluvial  sand  and  gravel,  and  glacio- 
lacustrine  sand,  silt,  and  clay  predominate  in  the  southern  portion  of  the  watershed. 

The  Moira  River  flows  through  Wolf,  Moira,  and  Stoco  Lakes.  The  site  is  located  approxi- 
mately 20  km  upstream  of  Moira  Lake  and  is  bisected  by  the  Moira  River.  The  majority  of 
the  buildings  and  former  processing  areas  of  the  mine  are  located  on  the  west  side  of  the 
river  (i.e.  the  Industrial  Area),  while  the  primary  tailings  disposal  area  is  to  the  east  of  the 
Moira  River  and  west  of  Young's  Creek  (i.e.  the  Tailings  Area). 

Bend  Bay,  a  21-ha  widening  of  the  Moira  River,  is  located  approximately  16  km  downstream 
of  Deloro  and  3  km  upstream  of  Moira  Lake.  Bend  Bay  is  reported  to  have  a  mean  water 
depth  of  1  m  and  a  residence  time  of  0.6  days.  Moira  Lake  is  essentially  a  shallow 
enlargement  of  the  Moira  River  and  is  characterized  by  two  distinct  basins.  The  west  basin 
has  a  surface  area  of  approximately  200  ha,  a  mean  depth  of  4  m,  and  a  maximum  depth  of 
6  m.  The  east  basin  has  a  surface  area  of  600  ha,  a  mean  depth  of  4  m,  and  a  maximum  depth 
of  11  m.  The  residence  time  of  water  in  Moira  Lake  is  reported  to  range  from  0.34  years  to  as 
long  as  4.38  years  in  the  summer  (Kilborn,  1983).  The  west  and  east  basins  of  Moira  Lake 
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FIGURE  3-4 
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FIGURE  3-5 

INTERPRETED  PIEZOMETRIC  CONTOUR  ELEVATION  AND 

GROUNDWATER  FLOW  DIRECTION  IN  SHALLOW  BEDROCK 
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are  considered  to  be  well  mixed  during  the  spring  and  fall,  but  transient  thermoclines 
develop  during  the  summer  at  deeper  locations  within  the  two  basins  thus  limiting  vertical 
mixing.  The  Moira  River  represents  the  primary  flow  into  and  out  of  Moira  Lake. 

Water  and  Sediment  Quality 

Several  assessments  of  the  impact  of  past  mining  activities  on  water  and  sediment  quality  in 
the  Moira  River  watershed  have  been  made  over  the  years  with  the  majority  focusing  on 
arsenic,  the  primary  contaminant  of  concern  originating  from  the  Deloro  site.  The  most 
recent  study  was  completed  by  Golder  Associates  and  Global  Tox  International  in  1999/ 
2000  (Golder/ Global  Tox,  2001). 

Floodplain  Mapping 

Floodplain  mapping  was  performed  along  the  Moira  River  from  the  former  nickel  ponds  in 
the  southwest  end  of  the  site,  to  upstream  of  the  Deloro  falls  at  the  north  end  of  the  site 
(CG&S,  November  1998).  The  "A"  Shaft,  Gatling  Shaft  caps,  and  the  powerhouse  on  the 
north  edge  of  the  Industrial  Area  are  significantly  higher  (at  least  5  m)  than  the  nearest 
water  elevation.  Therefore,  flooding  along  the  section  upstream  of  the  Deloro  falls  is  not 
likely  to  have  a  significant  impact  on  the  site. 

The  floodplain  modelling  was  performed  using  the  BOSS  HEC-2™  water-surface  profile 
computation  program.  This  program,  based  on  an  optimized  version  of  the  U.S.  Army 
Corps  of  Engineers  Hydrologic  Engineering  Center  water-surface  profile  computation 
model  HEC-2,  is  widely  applied  in  floodplain  management.  It  is  capable  of  addressing  sub- 
critical  and  super-critical  flows  and  modelling  the  impact  of  bridges,  weirs,  culverts,  and 
split-flow  scenarios. 

According  to  the  Ontario  Ministry  of  Natural  Resources'  Floodplain  Management  in  Ontario  - 
Technical  Guidelines,  the  Deloro  Mine  Site  lies  in  Zone  2.  For  watersheds  within  Zone  2,  the 
regulatory  flood  is  the  100-year  flood  level  or  a  higher  level  that  was  recorded  and  docu- 
mented. For  the  Deloro  Mine  Site,  the  100-year  flood  was  selected  as  the  regulatory  flood  level. 

Floodplain  mapping  was  performed  for  the  following  storm  flows: 

2-year  storm  -^34.7  m3/s 

5-year  storm  —>  42.2  m3/ s 

10-year  storm  — >46.1m3/s 

20-year  storm  —>  49.2  m3/ s 

50-year  storm  -^  52.7  m3/s 

100-year  storm  — >54.9m3/s 

These  storm  flows  were  calculated  based  on  flow  measurements  at  the  Water  Surveys  of 
Canada  gauging  station  (Station  No.  02HL005)  located  3.0  m  south  of  the  bridge  at  Highway  7. 

The  model  was  not  calibrated  because  of  the  lack  of  water-level  gauges  in  the  vicinity. 
During  the  100-year  storm  in  1981,  the  water  level  in  the  Moira  River  did  not  raise  over  the 
bridge  on  the  Deloro  site3.  This  fact  was  used  as  a  check  to  make  sure  the  model  does  not 
predict  water  flow  over  the  bridge  during  a  100-year  storm.  Flow  velocities  for  the  100-year 
storm  flow  are  shown  in  Table  3.3. 


3  Telephone  conversations  with  Mike  Newland,  Ontario  Clean  Water  Agency;  September  22  and  30,  1997. 
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Table  3.3 

Flow  Velocities  in  Moira  River  for  a  100-Year  Storm  Flow 


Cross  Section  Number 

Channel  Mean  Flow 

Cross  Section  Number 

Chan 

nel  Mean  Flow 

(m) 

Velocity  (m/s) 

(m) 

Velocity  (m/s) 

0 

1.04 

305 

2.4 

8 

0.74 

308 

2.37 

86 

0.40 

315 

2.27 

169 

0.86 

484 

0.71 

206 

1.83 

610 

0.69 

240 

1.04 

740 

0.99 

265 

1.4 

800 

0.31 

270 

2.95 

834 

3.09 

277 

3.00 

868 

2.86 

284 

1.14 

930 

3.13 

285 

1.14 

986 

1.72 

300 

2.92 

1,108 

1.83 

301 

2.92 

The  flood  risk  maps  in  Figures  3-7  and  3-8  show  the  100-year  flood  boundary  and  the 
location  of  the  cross-sections  used  in  the  floodplain  model.  The  model  predicts  that  in  the 
event  of  a  100-year  storm,  the  Tailings  Area  would  remain  above  the  flood  waters  of  both  the 
Moira  River  and  Young's  Creek.  The  active  and  inactive  ferric  arsenate  sludge  lagoons  in  the 
Industrial  Area  would  also  remain  above  the  flood  waters.  However,  the  third  inactive 
wastewater  lagoon  (south  of  the  two  ferric  arsenate  lagoons)  is  predicted  to  be  under  the  100- 
year  flood  waters.  The  floodplain  for  the  Moira  River  tends  to  be  narrow,  except  for  the  area 
immediately  downstream  of  the  mine  site  bridge  (CG&S,  November  1998). 

3.3      Natural  Environment 

An  ecological  inventory  of  the  Deloro  Mine  Site  property  was  conducted  during  the 
summer  of  1997  (CG&S,  February  1999).  The  objective  of  the  inventory  was  to  characterize 
fish,  vegetation  and  wildlife  habitat  on  the  site,  to  assess  the  habitat  characteristics  that 
contribute  to  the  various  assemblages  found,  and  to  detect  the  presence  of  significant 
species  or  groups  of  species  that  could  constrain  remediation  options.  The  presence  or 
absence  of  certain  organisms  was  also  used  to  provide  preliminary  information  on  whether 
there  are  qualitative  effects  of  special  materials  at  the  site  on  fish,  vegetation  and  wildlife. 
Readers  are  directed  to  the  February  1999  report  for  specific  results. 

3.3.1     Aquatic  Ecology 

All  watercourses  within  the  vicinity  of  the  Deloro  Mine  Site  sampled  for  fisheries  (which  were 
all  within  the  area  of  potential  contamination  associated  with  past  historical  mining  activities) 
can  be  classified  as  fish  habitat.  These  watercourses  support  a  fishery  that  is  economically 
important  as  bait  and  forage  fish  for  higher  trophic  levels,  and  as  game  fish.  Nineteen  species 
were  captured.  These  were  typical  of  species  common  in  the  geographic  area  in  warmer 
reaches  of  clear  flowing  streams  and  marshes.  Ages  ranged  from  young  of  the  year  to  large 
adult  fish,  suggesting  that  spawning  is  occurring  in  these  reaches.  There  were  no  threatened  or 
endangered  species  of  fish  found.  No  evidence  of  water  quality  impairment  can  be  derived 
from  fisheries  community  sampling  results  (CG&S,  February  1999). 
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3.3.2      Terrestrial  Ecology 

No  rare  plant  communities  were  found  on  the  site.  Nor  were  there  any  rare,  threatened  or 
endangered  species  of  plant  or  animal  life  found.  The  composition  of  plant  communities 
was  typical  in  quality  for  this  location,  intermediate  between  southern  and  northern  Ontario 
climatic  zones  and  levels  of  soil  disturbance.  Wildlife  species  were  also  typical  of  extensive 
forests  in  this  area. 

Waste  arisings  on  the  site  may  be  degrading  vegetation  in  some  wetland  communities, 
particularly  in  the  west  arm  of  Young's  Creek;  however,  these  conclusions  are  likely  con- 
founded by  the  effects  of  other  disturbance  in  this  part  of  Young's  Creek,  particularly  by  the 
removal  of  beaver  dams  along  the  Creek  and  consequent  drying  of  soils.  Plant  and  animal 
communities  in  other  areas,  whether  they  contained  waste  or  not,  were  typical  of  the  habitat 
in  which  they  were  found.  Wildlife  communities  were  primarily  determined  by  the  type  of 
vegetation  present.  It  was  not  possible  to  draw  conclusions  about  the  effect  of  special 
materials  on  plant  communities  in  upland  areas,  or  on  wildlife  (CG&S,  February  1999). 

Succession  in  remediated  areas  will  likely  proceed  slowly  in  areas  where  bedrock  is  close  to 
the  surface,  as  these  areas  are  nutrient-  and  moisture-deficient.  Succession  will  likely  pro- 
ceed from  early  successional  communities,  such  as  the  one  found  on  the  tailings  cap, 
through  more  advanced  successional  communities,  which  will  ultimately  be  determined  by 
soil  conditions,  microclimate  and  surrounding  vegetation.  It  is  recommended  that  native 
species  currently  found  in  soils  over  bedrock  be  used  for  restoration  after  remediation  as 
they  are  well  adapted  to  these  conditions. 

3.4     Contaminants  in  Industrial  Area  and 
Contaminant  Loading 

3.4.1      Development  of  a  Water  Balance  and  Load  Model 

A  water  balance  was  developed  for  the  Industrial  Area  based  on  consideration  of  the  key 
elements  in  the  water  cycle  and  the  sources  and  sinks  of  water  resulting  from  ongoing 
remedial  activities  at  the  site.  This  effort  was  focused  on  the  north/central  portion  of  the 
Industrial  Area  on  the  west  bank  of  the  Moira  River.  This  area  contains  the  calcium  arsenite 
stockpile  and  the  existing  groundwater  collection  system.  Previous  investigation  in  this  area 
is  considered  to  provide  sufficient  data  to  support  development  and  calibration  of  a  water 
balance.  The  main  components  of  the  water  balance  are  discussed  below. 

Inputs 

Precipitation.  The  annual  precipitation  in  the  vicinity  of  the  site  is  recorded  as  889.6  mm 
based  on  measurements  at  the  Tweed  meteorological  station  (Golder,  1988). 

Evapofranspiration.  Evapotranspiration  was  estimated  by  Golder  (1988)  at  584.7  mm/yr,  or 
65.7  percent  of  precipitation  using  the  Thornthwaite  method.  An  independent  estimate 
using  the  Penman  method  estimated  evapotranspiration  at  62.1  percent  of  precipitation.  A 
third  method  of  estimating  evapotranspiration  from  the  difference  between  precipitation 
and  runoff  over  the  area  of  the  Moira  River  basin  upstream  of  Highway  7  resulted  in  an 
evapotranspiration  equal  to  57  percent  of  precipitation.  It  was  concluded  that 
evapotranspiration  values  of  57  to  66  percent  of  precipitation  represented  the  range  of 
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evapotranspiration  values  likely  to  be  encountered  at  the  Deloro  site,  a  range  typical  for 
Southern  Ontario,  based  on  work  at  other  project  sites  (CH2M  HILL,  March  2002a). 

Infiltration.  The  difference  between  precipitation  and  evapotranspiration  is  available  for 
either  infiltration  to  the  ground  below  the  root  zone  as  recharge  to  groundwater,  or  as 
runoff  to  local  water  courses.  The  relative  amount  of  infiltration  is  thought  to  be  largely 
influenced  by  the  topography  and  the  permeability  of  ground  surface  cover.  Typical 
infiltration  values  for  this  area  of  the  province  range  from  10  to  20  percent  of  precipitation 
(Ministry  of  Natural  Resources,  1984);  however,  accurate  estimations  of  infiltration  rates  are 
not  readily  developed  or  measured.  Conditions  of  the  Industrial  Area  and  sections  of  the 
Mine  Area  appear  to  be  similar  and  are  ideal  for  surface  water  runoff,  and  to  a  lesser  extent 
infiltration,  due  to  the  construction  rubble,  coarse  soils,  and  lack  of  vegetation.  The 
characteristic  soil  type  in  Deloro  and  the  surrounding  catchment  area,  according  to 
Agriculture  Canada  (Soils  of  Hastings  County,  1987),  is  Deloro  Soil,  which  provides  good 
drainage.  It  was  assumed  that  infiltration  ranges  from  10  to  20  percent  of  precipitation  for 
the  section  of  the  site  located  on  the  west  bank  of  the  Moira  River  (CH2M  HILL,  March 
2002a). 

Groundwater  Inflow.  In  addition  to  infiltrating  recharge  water,  groundwater  also  flows 
beneath  the  central  Industrial  Area  from  upland  areas  to  the  west  and  north.  This  flow 
occurs  primarily  through  a  permeable  stratum  of  silty  sand  and  gravel  that  overlies  bedrock 
throughout  much  of  the  site,  and  through  fractured  bedrock. 

This  groundwater  inflow  was  subsequently  estimated  by  considering  infiltration  over  the 
area  of  the  Moira  River  watershed  from  the  river,  west  through  the  Deloro  site  to  the 
western  boundary  of  the  watershed.  This  resulted  in  an  estimated  drainage  area  of 
2,400,000  m2,  of  which  400,000  m2  is  the  Deloro  site  catchment  area.  The  entire  2,400,000  m2 
area  was  considered  for  infiltration  in  this  water  balance.  Refer  to  the  report:  Development  of 
a  Sitewide  Water  and  Load  Balance  (CH2M  HILL,  March  2002a)  for  the  delineation  of  the 
Deloro  Catchment  Area  and  the  Moira  River  Watershed  Area. 

Run-on.  It  was  assumed  that  there  was  no  surface  water  run-on  from  upgradient  areas  to  the 
Deloro  site.  The  absence  of  surface  water  run-on  from  upgradient  areas  beyond  the 
immediate  vicinity  of  the  site  catchment  area  is  considered  appropriate  as  New  Westerly 
Creek  was  developed  from  a  ditching  system  on  the  westerly  property  line,  and  it  is 
expected  that  most  run-on  will  be  intercepted  by  this  ditch  (CH2M  HILL,  March  2002a). 

Outputs 

Groundwater  outputs  from  the  site  fall  into  two  categories:  (1)  naturally  occurring  dis- 
charges and  (2)  water  collection  systems. 

Naturally  Occurring  Discharges 

Runoff.  No  previous  attempts  were  made  to  determine  surface  water  runoff  from  the  site. 
Runoff  was  estimated  as  the  difference  between  evapotranspiration  and  infiltration.  This 
resulted  in  a  range  of  runoff  values  of  approximately  19  to  33  percent  of  precipitation. 
Runoff  values  in  the  higher  portion  of  this  range  were  selected,  as  the  site  is  well  graded 
with  minimal  potential  for  pooling,  in  addition  to  the  other  conditions  that  promote  runoff 
previously  described.  The  runoff  is  estimated  at  30  percent,  which  falls  within  this  range  of 
runoff  values  (CH2M  HILL,  March  2002a) . 
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Industrial  Area  Groundwater.  An  extensive  evaluation  of  site  hydrogeology  and  groundwater 
conditions  was  undertaken  by  Golder  (1988)  for  the  Industrial  Area.  The  results  of  this 
evaluation  formed  the  basis  for  the  development  of  groundwater  discharge  estimates  from 
the  west  bank  to  the  Moira  River  (CH2M  HILL,  March  2002a).  Using  Golder' s  measured 
hydraulic  conductivity  values  (arithmetic  averages),  representative  hydraulic  gradients  and 
measured  media  thicknesses  and  lengths  along  the  Moira  River,  separate  flow  rates  were 
calculated  for  overburden  (1,177  m3/yr),  for  bedrock  excluding  the  cut-off  wall 
(5,839  m3/yr),  and  for  bedrock  beneath  the  cut-off  wall  (3,284  m3/yr).  The  majority  of  the 
groundwater  flow  in  the  Industrial  Area  overburden  is  toward  the  river,  but  a  portion  of  the 
flow  near  the  equalization  storage  basin  is  toward  a  pumping  station  (PS#5).  All  of  the 
bedrock  flow  in  the  Industrial  Area  is  toward  the  Moira  River. 

Mine  Area  Groundwater.  Hydrogeological  calculations  in  the  1998  investigation  into  the  Mine 
Area  in  the  vicinity  of  the  Tuttle  Shaft  (CG&S,  August  2001)  provided  a  range  of  values  for 
groundwater  flow  from  the  Mine  Area  to  the  Moira  River,  based  on  possible  hydraulic 
conductivities  of  the  subsurface  material.  Mean  values  were  used  for  the  water  balance, 
with  the  groundwater  flow  from  the  overburden  averaging  5,624  m3/yr  and  the 
groundwater  flow  from  the  bedrock  averaging  3,157  m3/yr  (CH2M  HILL,  March  2002a). 

Tuttle  Shaft  Gravity  Flow.  The  Tuttle  Shaft  flows  by  gravity  under  artesian  conditions  to  the 
Moira  River,  typically  for  nine  months  of  the  year.  A  peak  value  of  135  L/min  was 
measured  during  1997  investigations  (CH2M  HILL,  March  2002a). 

Water  Collection  Systems 

Groundwater  Collection  System.  The  Ontario  Clean  Water  Agency  (OCWA)  operates  a 
groundwater  collection  system  in  the  Industrial  Area  on  behalf  of  the  MOE.  Records  of 
monthly  withdrawals  based  on  pumping  hours  are  available  in  the  form  of  annual  records 
of  water  taking.  These  records  of  water  withdrawals  were  evaluated  in  the  report: 
Development  of  a  Sitewide  Water  and  Load  Balance  (CH2M  HILL,  March  2002a).  An  annual 
average  withdrawal  of  111,481  m3/yr  was  determined. 

Tuttle  Shaft  Collection.  OCWA  also  operates  a  pumping  system  to  collect  contaminated 
groundwater  from  the  Tuttle  Shaft  during  low-flow  periods  in  the  summer,  typically  for 
three  to  five  months.  An  annual  record  of  water  taking  has  been  prepared  each  year,  which 
includes  an  estimate  of  the  withdrawal  based  on  pump  hours  and  pump  capacity.  These 
data  were  evaluated  in  the  report:  Development  of  a  Sitewide  Water  and  Load  Balance 
(CH2M  HILL,  March  2002a).  An  annual  average  withdrawal  of  20,763  m3  was  determined 
for  the  period  from  1991  to  1995  (the  1996  values  are  anomalous). 

Water  Balance  Analysis 

A  water  balance  within  1.4  percent  was  achieved  using  infiltration  estimates  of  10  percent 
for  the  Industrial  Area  and  15  percent  for  both  the  rest  of  the  Deloro  catchment  area  and  the 
area  of  the  Moira  River  watershed  contributing  to  groundwater  inflow  over  a  greater  depth. 

A  number  of  important  observations  were  evident  from  the  water  balance,  as  follows: 

•  A  significant  percentage  of  water  (85  percent)  passing  through  the  west  bank  of  the 
Deloro  site  was  due  to  groundwater  inflow 

•  Over  42  percent  of  the  discharge  from  the  west  bank  was  due  to  water  collection  systems 
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The  groundwater  collection  system  was  the  largest  output  from  the  site  (36  percent)  for 
the  Industrial  Area 


• 


•  Surface  water  runoff  was  the  second-largest  output  (34  percent) 

•  Groundwater  seepage  was  a  small  component  of  discharge  from  the  site  (6  percent) 

A  limited  sensitivity  analysis  was  undertaken  to  evaluate  the  sensitivity  of  the  water  balance 
error  to  several  of  the  key  assumptions;  this  can  be  reviewed  in  the  report:  Development  of  a 
Sitewide  Water  and  Load  Balance  (CH2M  HILL,  March  2002a). 

3.4.2      Loading  Estimates 

A  load  balance  was  developed  to  provide  an  indication  of  the  relative  amounts  of  contami- 
nation released  from  various  portions  of  the  site  in  terms  of  mass  per  unit  time.  Arsenic  was 
originally  selected  as  an  index  of  contamination  and  loading  estimates  were  developed  in 
units  of  kilograms  per  year  (kg/yr).  This  approach  proved  to  not  fully  represent  the  extent 
of  the  contamination;  so,  in  addition  to  arsenic,  both  cobalt  and  copper  were  considered  for 
this  updated  load  balance.  As  described  in  the  Development  of  Closure  Criteria  Report 
(CG&S,  October  1998a),  contaminants  of  concern  were  determined  based  on  the  average 
annual  contaminant  concentration  for  three  years  of  monitoring  (1994-96)  using  the  current 
Provincial  Water  Quality  Objectives  (PWQO).  A  calculated  index  above  unity  indicated  that, 
on  average,  the  contaminant  under  consideration  was  above  the  lowest  of  the  current  or 
interim  PWQO  for  the  three-year  period.  While  this  comparison  resulted  in  several 
contaminants  being  above  unity,  arsenic,  cobalt,  and  copper  are  the  most  significant  with 
respect  to  exceedance  of  current  and  proposed  regulatory  criteria.  Refer  to  the  report 
entitled  Deloro  Mine  Rehabilitation  Project,  Development  of  Closure  Criteria  (CG&S,  October 
1998a)  for  further  clarification  on  the  selection  of  the  contaminants  of  concern.  Refer  to  the 
Development  of  a  Sitewide  Water  and  Load  Balance  (CH2M  HILL,  March  2002a)  for  the 
approach  used  to  develop  the  load  estimates. 

West  Bank 

The  data  to  support  development  of  loading  estimates  for  the  west  bank  of  the  Moira  River 
is  relatively  well  defined  based  on  the  water  balance  and  the  extensive  monitoring  network 
in  this  area.  However,  the  available  data  do  not  provide  complete  characterization  of  runoff 
quality  from  the  site.  An  average  arsenic  concentration  of  2.47  mg/L  measured  at 
Station  320,  located  just  south  of  the  Industrial  Area,  for  1994  to  1996  was  used  as  the  best 
indicator  of  surface  water  runoff  quality.  However,  this  area  is  suspected  to  be  diluted 
relative  to  runoff  from  the  Industrial  Area.  Accordingly,  the  arsenic  concentration  in  runoff 
from  the  central  Industrial  Area  may  be  higher  and  was  assumed  to  be  12.8  mg/L  or 
approximately  five  times  the  levels  observed  at  Station  320  in  order  to  achieve  a  mass 
balance  (CH2M  HILL,  March  2002a). 

According  to  the  assumptions  made,  the  loading  for  each  of  the  three  contaminants  from  the 
west  bank  was  as  follows: 


Arsenic    -  3,391  kg/ year,  66  percent  from  bedrock  flow  beneath  the  cut-off  wall 
Cobalt     -  57  kg/ year,  46  percent  from  the  surface  water  runoff 
Copper    -  8  kg/ year,  74  percent  from  surface  water  runoff 
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Refer  to  the  report:  Development  of  a  Sitewide  Water  and  Load  Balance  (CH2M  HILL,  March 
2002a)  for  a  more  detailed  account  of  the  rationale  behind  these  loading  estimates  and  their 
justification. 

3.4.3      Industrial  Area  Materials 

A  waste  inventory  was  developed  and  submitted  as  part  of  the  Golder  Associates  report 
(Golder,  1988).  This  waste  inventory  is  briefly  summarized  below. 

Calcium  Arsenite 

A  white  powdery  substance,  characterized  as  calcium  arsenite,  has  been  stockpiled  in  an 
area  to  the  east  of  the  equalization  storage  basin.  The  pile  has  been  covered  by  a  thin  layer  of 
crushed  slag  (approximately  100  mm)  to  reduce  wind  erosion.  The  cover  layer  is 
discontinuous  and  calcium  arsenite  is  exposed  to  the  elements  in  several  areas.  A  Golder 
Associates  (Golder,  1988)  analytical  result  shows  that  the  white  amorphous  material  found 
in  borehole  GA12  north  of  the  slag  covered  arsenite  pile,  was  also  calcium  arsenite. 
Vegetation  in  this  area  is,  for  the  most  part,  non-existent  or  is  stressed.  A  significant  1-m 
deposit  of  calcium  arsenite  was  found  under  a  2-m  layer  of  fill.  A  review  of  aerial 
photographs  indicated  this  location  to  be  a  former  dump  site.  The  extent  of  the  site  was 
proportional  to  the  south  arm  of  the  slag-covered  calcium  arsenite  stockpile.  Considering 
the  numerous  locations  where  calcium  arsenite  was  observed,  both  above  and  below 
ground  surface,  it  is  assumed  that  the  white  powdery  substance  may  be  present  at 
numerous,  unknown  discrete  locations  throughout  the  Industrial  Area. 

Slag 

A  by-product  of  the  smelting  and  refining  process  is  a  hard  glass-like  material  known  as 
slag.  According  to  Golder  Associates  (Golder,  1988),  an  estimate  of  the  volume  of  this  slag 
present  in  the  ridge  to  the  west  of  the  castings  building  is  8,000  tonnes.  The  actual  amount  of 
slag  in  the  ridge  is  more  likely  to  be  near  12,000  to  14,000  tonnes.  These  estimates  may  be 
low  as  they  do  not  consider  the  volumes  used  to  construct  the  riverbank  and  other  fill 
locations.  The  slag's  composition  includes  one  percent  cobalt  and  arsenic  ranging  from  0.11 
to  1.03  percent.  Other  constituents  include  calcium,  silicates,  and  iron.  Refinement  of 
radioactive  ores  from  the  former  Eldorado  Nuclear  Limited  facility  in  Port  Hope  and  other 
sources  has  resulted  in  varying  amounts  of  radioactive  slag  being  spread  in  locations 
throughout  the  site.  The  radioactive  material  is  discussed  further  in  some  of  the  following 
paragraphs. 

Ferric  Arsenate  Sludge 

The  wastewater  treatment  plant  at  the  Deloro  site  produces  in  the  range  of  800  m3  per  year 
of  a  red  filter  cake  sludge  composed  mostly  of  ferric  arsenate.  The  ferric  arsenate  is  pumped 
into  a  settling  lagoon  where  it  is  dewatered  naturally  and  stored  until  disposal  is  arranged. 
The  sludge  contains  approximately  six  percent  solids  as  it  enters  the  lagoon  (I.E.C.  Beak, 
1984).  The  ferric  arsenate  sludge  lagoon  is  located  in  the  southeast  portion  of  the  Industrial 
Area  just  south  of  the  mine  site  bridge.  The  southern  ferric  arsenate  sludge  lagoon  has  been 
taken  out  of  service  but  contains  an  unknown  volume  of  sludge  that  will  need  to  be 
removed.  The  sludge  has  a  10  to  15  percent  concentration  of  arsenic  with  the  remainder  of 
the  sludge  being  composed  of  calcium,  iron,  and  chloride  (Witteck,  1986). 
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Building  Rubble 

The  demolition  of  site  buildings  has  created  large  rubble  piles  throughout  the  Industrial 
Area.  Large  quantities  of  rubble  consisting  mostly  of  wood,  concrete,  and  brick  were  used  as 
fill  in  several  locations.  The  most  significant  amounts  of  this  waste  are  located  in  the  central 
region  of  the  Industrial  Area.  From  a  site  investigation,  the  rubble  located  in  the  area  of  the 
former  laboratory  building  is  mostly  composed  of  wood  with  some  red  brick  and  clay  tile. 
The  former  men's  dry  building  area  contains  cinder  blocks  and  wood  waste.  The  former 
arsenic  packing  house  is  similar  to  the  laboratory  building.  The  area  contains  mostly  wood 
waste  with  a  small  amount  of  brick  and  the  remnants  of  an  overhead  sprinkler  system.  The 
former  extension  to  the  castings  building  has  a  large  quantity  of  wood  waste  with  brick  and 
metal  columns  and  joists.  The  ruins  of  the  former  cobalt  packing  shed  are  resting  on  a 
concrete  slab  at  the  edge  of  the  Moira  River.  They  consist  of  wood  waste  and  brick. 

Gold  Mine  Tailings 

Sandy  yellow/  orange  mine  tailings  were  produced  as  a  result  of  the  early  gold  mining 
operations.  Some  of  these  tailings  were  disposed  of  in  the  low-lying  wetland  areas  northwest 
of  the  equalization  storage  basin.  The  mass  of  gold  tailings  is  estimated  at  15,000  tonnes.  They 
consist  of  finely  ground  quartz  with  sulphur  and  cyanide.  Chemical  testing  of  the  tailings 
reveals  a  4.5  percent  arsenic  concentration  and  a  mercury  concentration  of  0.67  mg/L. 

Miscellaneous  Wastes 

Several  miscellaneous  wastes  (e.g.  box  inspection  holes  and  metal  storage  tanks)  are  present  at 
various  locations  on  the  mine  site.  Two  concrete  tiles  have  been  abandoned  in  the  southwest 
portion  of  the  Industrial  Area.  The  former  dump  site  at  the  extreme  south  of  the  Industrial 
Area  contains  various  metal  wastes  such  as  filings,  cast  iron  wheels,  rail  ties,  steel  rails,  crushed 
barrels,  crushed  brick,  miscellaneous  wood  waste,  and  asbestos  sheets  (i.e.  siding  material). 
Metal  scrap  pieces  line  the  west  bank  of  the  Moira  River  at  the  south  end  of  the  Industrial  Area. 
The  ruined  walls  of  the  boarding  house  foundations  contain  a  large  quantity  of  steel  barrels. 
Thin  layers  of  lime  containing  arsenic  were  discovered  along  the  Moira  River  shoreline  directly 
east  of  the  former  cobalt  packing  shed. 

Radioactive  Materials 

Extensive  surveys  of  the  extent  and  character  of  the  radioactive  materials  on  the  Deloro  site 
have  been  conducted  by  the  Atomic  Energy  Control  Board  (AECB),  (19794),  the  Ontario 
Ministry  of  Labour  (MOL),  (19865),  Golder  Associates  (Golder,  1988),  and  SCIMUS  Inc. 
(CG&S,  June  1999).  A  review  of  existing  information  on  the  radioactive  materials  on  the  site 
showed  that  high  radiation  fields  and  high  radium  concentrations  were  associated  with 
radioactive  slag,  concentrated  mainly  on  the  slag  pile.  The  1979  AECB  study  conducted 
analyses  of  several  slag  samples  and  found  radium  concentrations  to  vary  from  0.04  Bq/g  to 
18.5  Bq/g.  The  MOL  (1986)  radiation  field  surveys  across  most  of  the  site  showed  areas  of 
high  radiation  fields  (>1.5  (iSv/h  or  250  (iR/h),  mainly  at  the  slag  pile  in  the  vicinity  of  the 
old  lagoon  south  of  the  present  treatment  plant,  in  some  areas  around  the  north  and  south 
lagoons,  and  in  localized  areas  in  the  northern  part  of  the  red  mud  tailings  pile.  In  1988, 
Golder  Associates  conducted  analyses  of  two  soil  samples  collected  in  the  vicinity  of  the  old 


4  AECB,  05/05/79,  referred  to  in  Golder  and  Associates,  "Hydrogeological  Investigation  Refinery  Site  Rehabilitation,  1988, 
Appendix  III. 

5  MOL,  1986,  Ontario  Ministry  of  Labour,  Field  Site  Visit,  October  7,  1986. 
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lagoon  exhibiting  high  radiation  fields.  These  samples  had  radium  concentrations  of  90  and 
70  Bq/g.  The  source  or  nature  of  the  radioactive  soil  was  not  described  (Golder,  1988). 
The  recent  investigations  (CG&S,  June  1999)  were  intended  to  re-survey  the  areas  exhibiting 
high  radiation  fields  greater  than  0.5  uSv/h  or  83  uR/h  at  1  m  above  ground  surface  to 
better  delineate  the  nature  and  extent  of  the  radioactive  contamination  on  the  Deloro  site. 
The  areas  that  would  likely  require  special  consideration  during  remediation  (i.e.  removal 
for  consolidation  or  in-situ  remediation)  were  staked  out  on  the  site  and  are  indicated  on 
Figure  3-9. 

The  survey  indicated  that  there  were  two  types  of  radioactive  materials  onsite,  a  radioactive 
slag  and  a  tailings-like  material  (the  Golder  Associates  soil  samples). 

Radioactive  Tailings.  As  mentioned  above,  high  radiation  fields  were  observed  during  the 
MOL  survey  in  1986  in  the  southern  portion  of  the  Industrial  Area  in  the  vicinity  of  an  old 
lagoon.  The  1988  Golder  Associates  study  identified  two  tailings-like  samples  of  material 
from  this  area  with  radium  contents  of  70  and  90  Bq/g.  CH2M  HILL  (formerly  CG&S) 
surveyed  this  area  during  its  evaluation  and  radiation  fields  up  to  80  uSv/h  or  13,333  u.R/h 
(on  contact)  were  observed.  The  radioactive  tailings-like  samples  were  light  brown  with  a 
granular  consistency  similar  to  that  found  in  uranium  tailings.  Samples  were  taken  for 
radium  analysis  and  the  results  are  shown  in  Table  3.4.  Several  downhole  logs  were  made  in 
this  area  to  determine  the  vertical  extent  of  the  radioactive  soils  (CG&S,  June  1999). 

Table  3.4 

Radium  Content  of  Soil  Samples 


Radium  Content 

Radium  Content 

Sample  Number 

Sample  Location 

(Bq/g) 

(pCi/g) 

TS3-1 

Old  Lagoon  at  TS3-1 

397 

10,719 

TS3-2 

Old  lagoon  at  TS3-2 

16.3 

440 

TS3-3 

Old  lagoon  at  TS3-3 

20.6 

556 

TS9-1 

Red  Mud  tailings  at  Test  Pit  Tl 

74.6 

2,014 

TS9-2 

Red  Mud  tailings  at  Test  Pit  Tl 

155 

4,185 

TS9-3 

Red  Mud  tailings  at  Test  Pit  Tl 

0.063 

1.7 

TS5-1 

Slag  pile  at  Test  Pit  13 

3.25 

88 

Radioactive  Slag.  The  radioactive  slag  appears  to  be  concentrated  in  two  areas  on  the 
southeastern  and  eastern  portions  of  the  slag  pile.  Most  of  the  slag  pile  is  non-radioactive 
with  background  radiation  fields.  The  radioactive  slag  is  piled  on  top  of  other  slag  and 
seems  to  have  been  deposited  last  on  the  pile.  Radiation  fields  vary  from  1  uSv/h  or 
167  LiR/h  to  10  LiSv/h  or  1,667  uR/h  (CG&S,  June  1999). 

The  slag  appears  to  have  been  used  as  fill  material  throughout  the  Industrial  Area.  The  areas 
with  the  largest  accumulations  and  highest  radiation  fields  are  indicated  on  Figure  3-9. 
Radiation  fields  in  the  areas  of  slag  fill  are  generally  about  0.5  uSv/h  or  83  uR/h;  however, 
in  some  areas,  they  range  up  to  about  6  uSv/h  or  1,000  u.R/h.  The  regions  with  the  highest 
radiation  fields  are  localized;  however,  even  those  areas  with  0.5  uSv/h  or  83  u,R/h  fields 
could  have  slag  emitting  higher  fields  underneath.  Six  test  pits  were  excavated  in  the  slag 
material  with  a  backhoe  to  evaluate  this  concern.  A  backhoe  was  used  because  drilling  in 
this  material  was  not  possible  using  the  hand  auger  used  for  the  downhole  gamma  probe 
(CG&S,  June  1999). 
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Test  Pit  II  showed  that  the  slag  fill  material  was  about  2.0  m  deep  with  the  radioactive  slag 
in  only  the  upper  0.3  m  with  contact  radiation  fields  up  to  10  (iSv/h  or  1,667  yR/h.  Test  Pit 
12  indicated  that  the  slag  fill  was  about  1.0  m  thick,  the  bottom  0.3  m  being  mixed  with  soil. 
Radiation  fields  varied  between  0.5  (iSv/h  and  1.5  (iSv/h  (83  to  250  |~iR/h)  (CG&S,  June 
1999). 

Test  Pits  13  to  15  were  dug  on  top  of  the  slag  pile.  Test  Pit  13  was  dug  into  a  very  small 
localized  area  of  an  elevated  radiation  field  of  1  to  2  (iSv/h  or  167  to  333  |aR/h.  The  backhoe 
uncovered  a  cache  of  bags  of  what  looked  like  crushed  slag.  A  sample  was  taken  and  sent  to 
the  Low-Level  Radioactive  Waste  Management  Office  (LLRWMO)  in  Port  Hope  for  radium 
analysis.  The  results  of  the  analysis  are  shown  in  Table  3.4.  A  radium  concentration  of  3.25 
Bq/g  (88  pCi/g)  was  measured.  Test  Pit  14  was  dug  in  a  section  of  the  slag  pile  with 
background  radiation  fields  to  determine  if  radioactive  slag  was  underneath  the  surface. 
Large  pieces  of  slag  were  encountered  within  the  first  metre.  There  was  no  evidence  of 
radioactive  slag  under  the  surface.  Test  Pit  15  was  dug  in  a  larger  but  localized  area  of  high- 
radiation  fields  on  the  top  of  the  slag  pile.  It  was  determined  that  the  radioactive  slag  was 
mainly  on  the  surface  of  the  pile,  within  the  upper  0.3  m  (CG&S,  June  1999). 

Test  Pit  16  was  dug  in  the  roadway  at  the  southern  end  of  the  slag  pile  adjacent  to  the  old 
treatment  plant.  The  purpose  of  this  test  pit  was  to  determine  whether  the  elevated  radia- 
tion fields  in  this  area  originated  from  the  radioactive  slag  on  the  slag  pile  directly  adjacent 
or  whether  there  was  radioactive  slag  fill  in  the  roadway.  Upon  digging,  radiation  fields 
increased  with  depth,  indicating  the  presence  of  radioactive  slag  in  the  roadway.  High 
radiation  fields  were  measured  to  a  depth  of  more  than  0.6  m  (CG&S,  June  1999). 

Radiation  surveys  were  conducted  in  the  vicinity  of  the  Gatling  and  Tuttle  Shafts,  as  well  as 
at  a  dump  site  near  the  river  in  the  vicinity  of  these  shafts.  Background  radiation  fields  (0.03 
to  0.06  (iSv/h  or  5  to  10  (iR/h)  were  measured  in  all  areas  except  one  small  localized  area 
beside  the  road  near  the  powerhouse  where  some  radioactive  slag  was  used  for  fill  material 
(CG&S,  June  1999). 

The  re-survey  of  the  radioactive  slag  in  the  Industrial  Area  confirmed  past  results.  The 
source  and  largest  accumulation  of  the  radioactive  slag  was  found  to  be  deposits  of  radio- 
active slag  on  the  surface  of  the  slag  pile,  particularly  in  the  eastern  and  southeastern 
portions.  Most  of  the  slag  pile  was  non-radioactive.  A  mix  of  non-radioactive  and 
radioactive  slag  was  used  as  fill  material  throughout  the  Industrial  Area.  In  most  areas, 
radiation  fields  are  less  than  0.5  (iSv/h  or  83  (iR/h,  but  in  localized  areas  fields  are  higher. 
The  depth  of  the  radioactive  slag  fill  varies  from  0.3  m  to  greater  than  2.0  m  (CG&S,  June 
1999). 

3.5     Social  Conditions 

The  Industrial  Area  is  part  of  the  larger  Moira  River  watershed;  therefore,  any  impacts 
attributed  to  the  Industrial  Area  could  consequently  impact  the  social  conditions  associated 
with  the  Moira  River.  The  Industrial  Area  is  located  in  the  old  Township  of  Marmora  and 
Lake6,  on  the  west  bank  of  the  Moira  River.  The  Moira  River  flows  to  the  south  and  east  into 
Moira  Lake  and  Stoco  Lake  and,  from  there,  south  to  the  Bay  of  Quinte.  The  Tailings  Area  is 


6  The  recent  amalgamation  has  changed  the  jurisdiction  this  township  falls  under. 
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located  between  and  immediately  adjacent  to  the  Moira  River  and  Young's  Creek 
(Figure  1-1). 

The  land  use  along  the  Moira  River  within  the  old  Township  of  Marmora  and  Lake  is 
primarily  zoned  as  environmentally  protected  areas,  with  the  surrounding  land  uses 
primarily  zoned  as  rural.  Development  along  the  Moira  River  and  Young's  Creek,  from 
Deloro  to  Moira  Lake,  is  generally  sparse.  The  Moira  River  Conservation  Authority 
indicated  that  11  houses  and  three  farms  are  adjacent  to  this  section  of  the  Moira  River.  Nine 
of  these  houses  are  located  at  the  mouth  of  the  river  at  Moira  Lake. 

Use  of  the  Moira  River,  Young's  Creek  and  Moira  Lake  within  the  old  Township  is 
primarily  recreational,  consisting  of  fishing  and  boating.  Potable  water  within  the  Township 
is  obtained  primarily  via  private  wells.  Discussions  with  the  Moira  Lake  Property  Owners' 
Association  also  indicated  that  most  landowners  in  the  area  are  aware  of  the  concerns 
associated  with  water  quality,  and  consequently  there  are  no  potable  uses  of  river  or  lake 
water.  There  appears  to  be  very  little  agricultural  land  near  the  Moira  River,  Young's  Creek 
or  Moira  Lake.  Consequently,  use  of  the  river  or  lake  for  agricultural  purposes  is  also 
unlikely.  Readers  are  directed  to  the  Survey  of  Moira  River  Water  Use  -  Update,  Final 
Technical  Memorandum  (CG&S,  October  1998c)  for  further  details. 
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4.1     Strategic  Direction  for  Site  Cleanup 

In  the  early  1990s,  MOE  staff  from  Southeast  Region  (now  MOE  Eastern  Region)  reviewed 
the  Deloro  Mine  Site  Project  with  the  then  MOE  Management  Committee  to  determine  a 
strategic  direction  for  final  site  cleanup.  The  Committee  was  composed  of  several  MOE 
Assistant  Deputy  Ministers  (ADMs),  the  Deputy  Minister  (DM)  and  the  Minister,  as  well  as 
an  ADM  and  Director  from  the  Ministry  of  Northern  Development  and  Mines  (MNDM). 

Based  on  a  detailed  analysis  of  site  conditions  and  on  previous  experience  gained  in  similar 
situations,  the  Committee  recommended  that  onsite  waste  management  options  be  favoured 
as  primary  remediation  techniques  to  rehabilitate  the  site.  The  main  reason  for  adopting  this 
approach  was  the  realization  that  complete  cleanup  to  natural  background  levels  would  be 
extremely  costly  and  may  not  represent  the  most  prudent  expenditure  of  public  funds.  It 
was  also  recommended  that  the  cleanup  work  proceed  under  an  exemption  to  the  provincial 
Environmental  Assessment  Act.  These  two  recommendations  were  endorsed  by  the  Ontario 
Minister  of  the  Environment  in  October  1991  and  funds  were  then  allocated  to  retain 
professional  services  to  develop  and  implement  a  cleanup  plan  under  the  authority  of  the 
MOE.  The  latter  recommendations  were  identified  as  "fundamentals"  in  the  Deloro 
Rehabilitation  Plan  produced  by  the  Southeast  Region  office  of  the  MOE  (now  the  Eastern 
Region  office  of  the  MOE)  in  September  1992  and  formed  an  integral  part  of  the  request  for 
proposal  that  was  issued  by  the  MOE  in  1996  to  select  a  consulting  engineering  firm  to 
develop  and  implement  a  remedial  plan  for  the  Deloro  Mine  Site. 


4.2     Closure  Objectives 


As  described  in  the  report  entitled  Deloro  Mine  Rehabilitation  Project  -  Development  of  Closure 
Criteria,  Final  Report  (CG&S,  October  1998a),  and  in  the  above  section,  the  strategic  direction 
for  site  cleanup  involves  onsite  management  of  wastes  through  isolation  and  containment 
methods  as  primary  remediation  techniques.  Consequently,  a  pragmatic  approach  has  been 
adopted  where  mitigative  measures  are  directed  at  risk  reduction.  This  translates  into  the 
following  project  objective: 

To  successfully  rehabilitate  the  Deloro  Mine  Site  to  mitigate  any  unacceptable 
impacts  on  human  health  or  the  environment  in  compliance  with  relevant 
environmental  policies  and  regulations 

To  satisfy  this  objective,  specific  site-wide  and  distinct  area  closure  objectives  were 
developed.  The  site-wide  closure  objectives  are  as  follows: 

1.  Reducing  the  loading  of  arsenic  and  other  contaminants  to  the  Moira  River 

2.  Compliance  with  appropriate  regulations  and  policy 

3.  Satisfy  the  general  intent  of  the  Mining  Act  and  related  draft  regulations 

4.  Reducing/ controlling  impact/ risk  to  acceptable  levels 

5.  Demolition  of  unneeded  buildings  to  ground  level 
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6.  Prioritizing  remedial  action  implementation  according  to  risk  reduction 

7.  Minimizing  perpetual  operation  and  maintenance 

8.  Restoration  of  the  site  to  reflect  its  natural  surroundings 

9.  Securing  the  site  for  the  indefinite  future 

10.  Managing  the  wastes  over  the  smallest  possible  area 

These  site-wide  closure  objectives  were  further  refined  into  area-specific  closure  objectives 
for  each  of  the  areas  of  the  site.  The  area-specific  closure  objectives  for  the  Industrial  Area 
are  presented  in  Section  5.1. 

4.3  Overview  of  the  Process  to  Generate  and  Evaluate 
Alternatives 

The  process  applied  by  CH2M  HILL  to  generate  potential  remedial  alternatives  for  all  areas 
of  the  Deloro  site  is  illustrated  in  Figures  4-1  to  4-3.  Initially,  conceptual  remediation 
methods  that  could  have  addressed  some  or  all  of  the  issues  identified  for  each  respective 
area  of  the  site  were  identified.  For  instance,  a  method  may  address  groundwater  issues  but 
not  impacted  sediment.  These  methods  were  evaluated  with  a  screening  process  to  identify 
which  methods  had  the  greatest  potential  to  address  the  issues  at  the  site,  either  alone  or  in 
combination  with  other  methods.  Improbable  methods  that  did  not  have  significant 
potential  to  contribute  to  a  viable  solution  were  eliminated  early  in  the  process.  This 
resulted  in  a  list  of  primary  remediation  methods  that  were  retained  for  further  evaluation. 

The  primary  remediation  methods  were  combined  with  enhancing  features  based  on  the 
judgement  and  experience  of  the  project  team  to  create  a  number  of  comprehensive 
remediation  alternatives  that  addressed  all  of  the  environmental  issues  at  the  site.  These 
comprehensive  remediation  alternatives  were  subsequently  evaluated  in  a  two-step  process. 
The  screening  level  evaluation  again  served  to  eliminate  comprehensive  remediation 
alternatives  (as  opposed  to  conceptual  remediation  methods  that  have  been  previously 
screened)  that  were  unlikely  to  meet  all  of  the  remediation  needs  for  the  area.  This  second 
level  of  screening  led  to  a  short  list  of  comprehensive  remediation  alternatives  that  were  the 
subject  of  a  more  detailed  evaluation.  The  detailed  evaluation  led  to  the  identification  of  a 
recommended  remediation  alternative,  which  would  be  developed  further  and 
subsequently  implemented  to  address  the  environmental  issues  at  the  site. 

4.4  Generation  of  Comprehensive  Remediation  Alternatives 

Significant  efforts  were  invested  through  the  years  to  characterize  environmental  conditions 
(i.e.  soil,  surface  water,  groundwater,  air,  human  health  risk,  and  ecological  conditions)  for 
all  areas  of  the  site.  Such  characterization  studies  were  necessary  to  identify  contaminants  of 
concern,  quantify  contaminant  concentrations  and  volumes,  determine  the  media  into  which 
the  contaminants  were  found,  and  assess  contaminant  mobility.  It  is  as  a  function  of  these 
characteristics  that  potential  conceptual  remediation  methods  were  initially  generated. 

The  alternatives  generation  process  involved  consideration  of  the  strategic  approach 
described  in  Section  4.1,  identification  of  conceptual  remedial  methods  that  CH2M  HILL  has 
either  used  on  similar  projects  in  the  past,  or  identified  in  the  scientific  literature  for  the 
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contaminants  and  media  of  concern,  as  well  as  specific  exclusionary  criteria  dealing  with  the 
following: 

•  Effectiveness  of  the  conceptual  methods  in  question  to  remediate  the  site 

•  Satisfaction  (in  principle)  of  government  regulations  and  guidelines 

•  Pre-established  design  closure  criteria 

These  criteria  were  designed  to  eliminate  improbable  conceptual  remediation  methods  early 
in  the  process  so  that  valuable  time  and  resources  were  not  expended  in  the  completion  of  a 
more  detailed  evaluation. 

The  methods  developed  for  consideration  were  not  intended  to  be  an  exhaustive  evaluation 
of  all  conceivable  methods,  but  a  focused  assessment  of  readily  identifiable  and  proven 
methods  that  had  good  potential  for  successful  application  at  the  site.  Consideration  of 
experimental  or  developmental  methods  was  considered  beyond  the  scope  of  this 
evaluation.  Professional  judgement  and  practical  considerations  factored  into  the  range  and 
diversity  of  methods  considered.  For  instance,  where  a  proven  and  effective  method  was 
readily  identifiable  and  cost-effective,  limited  consideration  was  made  of  other  methods. 

The  first  exclusionary  criterion,  the  effectiveness  of  the  conceptual  remediation  method,  was 
used  to  evaluate  the  expected  effectiveness  of  the  method  in  solving  the  problem  identified 
for  the  area  (i.e.  Can  the  conceptual  remediation  method  contribute  to  a  significant 
attenuation  of  unacceptable  impacts  on  human  health  or  the  environment  by  way  of 
reducing  a  component  of  the  contaminant  load?).  The  second  criterion,  the  satisfaction  of 
government  regulations  and  guidelines,  served  to  evaluate  the  capacity  of  the  conceptual 
remediation  method  to  meet  relevant  government  legislation  and  guidelines.  The  third 
criterion,  design  closure  criteria,  was  used  to  assess  whether  the  conceptual  remediation 
method  was  likely  to  satisfy  the  area  specific  design  criteria,  a  combination  of  the  closure 
criteria  and  remediation  targets  outlined  below. 

These  design  criteria  were  developed  from  a  risk  based  approach  that  is  summarized  in  the 
report  entitled  Deloro  Mine  Rehabilitation  Project  -  Development  of  Closure  Criteria,  Final  Report 
(CG&S,  October  1998a).  The  risk  based  approach  was  used  to  identify  areas  of  the  site  that 
pose  the  greatest  risk  and  consequently  served  to  prioritize  remedial  action  to  obtain  the 
greatest  reduction  of  contaminant  release  from  the  site  as  well  as  overall  exposure  to 
contaminants.  Using  risk  assessment,  remediation  targets  were  set  as  follows: 

1.  Surface  water  from  Young's  Creek  and  the  Moira  River  should  satisfy,  on  average,  the 
Interim  Provincial  Water  Quality  Objectives  (PWQO)  for  three  key  contaminants  (i.e. 
arsenic,  cobalt  and  copper)  at  the  Highway  7  crossing  located  approximately  600  m 
downstream  (i.e.  south)  of  the  site. 

2.  Post-closure  onsite  arsenic  concentration  in  air  and  soil  should  be,  on  average,  below  a 
concentration  that  will  ensure  that  the  probability  of  incremental  lifetime  cancer  risk  for 
onsite  workers  and  potential  recreational  users  of  the  site  is  less  than  1:100,000. 

To  achieve  these  targets,  site-wide  closure  objectives  were  translated  to  area-specific  closure 
objectives  (as  stated  in  Section  5.1)  that  were  refined  into  closure  criteria  that  specifically 
address  the  following: 

•  Physical  aspects 

-     Design  service  life 
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-  Design  floods 

-  Seismic  considerations 

-  Minimum  factors  of  safety 

-  Perpetual  disruptive  forces 

•  Chemical  aspects 

-  Human  health 

-  Aquatic  life 

-  Terrestrial  habitat 

•  Radiological  aspects 

These  closure  criteria  will  become  closure  plan  design  parameters  for  the  selected 
remediation  alternative,  as  described  in  the  Deloro  Mine  Rehabilitation  Project  -  Development  of 
Closure  Criteria,  Final  Report  (CG&S,  October  1998a). 

4.4.1      Screening  of  Conceptual  Remediation  Methods 

Each  conceptual  remediation  method  was  consequently  evaluated  to  determine  whether  it 
could  (yes)  or  could  not  (no)  meet  the  exclusionary  criteria  presented  above.  A  "no"  to  any 
of  these  criteria  eliminated  the  conceptual  remediation  method  as  a  primary  remediation 
method.  A  primary  remediation  method  is  defined  as  a  method  that  had  significant 
potential  to  address  most  of  the  environmental  issues  in  this  area  of  the  site  without  further 
augmentation  or  enhancement.  All  criteria  carried  equal  weight  in  the  evaluation  process; 
therefore,  their  order  of  appearance  does  not  reflect  their  relative  importance.  Table  4.1 
further  synthesizes  the  intent  of  the  exclusionary  criteria  used  to  generate  remediation 
alternatives. 

Table  4.1 

Exclusionary  Criteria  -  Screening  of  Conceptual  Remediation  Methods 


Exclusionary  Criteria 


Considerations 


Measure 


Effectiveness 


Government 
Regulations  and 
Guidelines 


Design  Closure  Criteria 


Does  the  conceptual  remediation  method 
have  the  potential  to  solve  one  or  more 
aspects  of  the  problem?  (i.e.  Can  it 
contribute  to  a  significant  attenuation  of  any 
unacceptable  impacts  on  human  health  or 
the  environment  by  way  of  reducing  a 
component  of  the  contaminant  load?) 

Does  the  conceptual  remediation  method 
conform  in  principle  to  applicable 
government  regulations  and  guidelines 
relating  to  site  rehabilitation?  (e.g. 
Guideline  for  Use  at  Contaminated  Sites, 
Mining  Act  and  Rehabilitation  Guidelines?) 
Is  the  conceptual  remediation  method  likely 
to  satisfy  design  closure  criteria  pertaining 
to  site-specific  risk  assessment  of  human 
health  and  environmental  impacts  if 
developed  in  greater  detail? 


Yes  -  The  conceptual  remediation 
method  has  the  potential  to 
significantly  reduce  contaminant 
loads  to  the  environment. 
No  -  The  conceptual  remediation 
method  does  not  have  the  potential 
to  significantly  reduce  contaminant 
loads  to  the  environment. 
Yes  -  The  conceptual  remediation 
method  is  more  likely  to  conform. 
No  -  The  conceptual  remediation 
method  is  less  likely  to  conform. 


Yes  -  The  conceptual  remediation 
method  has  the  potential  to  satisfy 
design  criteria. 

No  -  The  conceptual  remediation 
method  has  no  potential  to  satisfy 
design  criteria. 
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Rejection  as  a  primary  remediation  method  did  not  exclude  further  consideration  of  the 
method  to  augment  another  conceptual  remediation  method,  particularly  if  the  former 
showed  significant  potential  to  control  the  release  or  minimize  the  mobility  of  contaminants 
in  a  specific  medium  (groundwater,  surface  water,  soil  or  air).  Some  methods  were  retained 
based  on  their  potential  for  combination  with  other  methods  to  create  a  comprehensive 
solution  to  the  environmental  issues  in  an  area.  Such  combinations  were  termed 
"Comprehensive  Remediation  Alternatives".  Other  methods  were  retained  as  potential 
enhancements,  which  formed  redundancies  in  the  design,  such  as  multiple  barriers  to 
contaminant  release/ migration.  Figure  4-1  illustrates  the  process  used  to  screen  conceptual 
remediation  methods. 

Figure  4-1 

Screening  of  Conceptual  Remediation  Methods  -  Schematic  Diagram 

Conceptual  Remediation 
Method 
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4.4.2      Development  of  Comprehensive  Remediation  Alternatives 

Figure  4-2  schematically  illustrates  the  process  used  to  generate  comprehensive  remediation 
alternatives  for  further  consideration.  Alternatives  were  developed  from  the  list  of  primary 
remediation  methods  that  have  passed  the  screening  level  evaluation.  Comprehensive 
remediation  alternatives  were  developed  to  create  potential  solutions  that  addressed  all  of 
the  environmental  issues  or  problems  in  each  area.  Where  primary  remediation  methods 
have  been  identified  through  the  screening  process,  the  team  considered  how  the  method 
could  be  augmented  or  enhanced  to  address  all  the  issues.  In  developing  comprehensive 
remediation  alternatives,  the  project  team  considered  the  multiple  goals  and  objectives  that 
must  be  achieved  for  an  acceptable  solution.  In  particular,  comprehensive  remediation 
alternatives  were  developed  to  mitigate  the  release  of  contaminants  to  the  environment 
along  various  exposure  or  migration  pathways. 
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Figure  4-2 

Development  of  Comprehensive  Remediation  Alternatives-  Schematic  Diagram 
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In  addition  to  developing  comprehensive  remediation  alternatives  that  just  meet  the  project 
requirements,  our  team  has  also  considered  augmenting  or  enhancing  these  alternatives  to 
provide  greater  certainty  through  additional  levels  of  protection.  These  enhancing 
environmental  protection  features  were  considered  as  design  redundancies  or  contingencies 
that  provide  multiple  barriers  to  contaminant  release/ migration  and  serve  to  increase  the 
level  of  confidence  that  an  alternative  will  achieve  the  project  goals. 

4.5     Evaluation  of  Comprehensive  Remediation  Alternatives 

The  evaluation  process  that  was  developed  to  select  a  recommended  remediation  alternative 
for  the  area  of  the  site  relied  on  a  qualitative  assessment  of  the  comprehensive  remediation 
alternatives.  It  allowed  the  evaluation  to  focus  on  the  alternatives  that  are  most  promising  to 
satisfy  the  closure  objectives  while  avoiding  consideration  of  superfluous  alternatives. 

Comprehensive  remediation  alternatives  were  evaluated  using  the  process  illustrated  in 
Figure  4-3.  The  first  step  in  selecting  a  recommended  remediation  alternative  was  to 
compare  all  comprehensive  remediation  alternatives  (the  "long  list")  to  a  second  set  of 
exclusionary  criteria  identified  in  Table  4.2  as  a  screening  exercise.  This  step  ensured  that 
the  combination  of  an  environmental  protection  feature  with  a  primary  remediation  method 
did  not  undermine  the  potential  effectiveness  of  the  latter.  The  exercise  led  to  the 
construction  of  a  "short  list"  of  comprehensive  remediation  alternatives  from  which  the 
recommended  remediation  alternative  was  selected.  It  is  important  to  recognize  that  while 
the  first  set  of  exclusionary  criteria  shown  in  Table  4.1  deals  mainly  with  the  evaluation  of 
methods  which  have  the  potential  to  form  part  of  a  comprehensive  solution,  such  as 
reduction  of  a  component  of  contaminant  load  to  the  environment,  the  second  set  of 
exclusionary  criteria  shown  in  Table  4.2  focuses  on  the  screening  of  comprehensive  solutions 
and  their  ability  to  achieve  an  overall  reduction  of  contaminant  load  from  the  area. 
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Table  4.2 

Exclusionary  Criteria  -  Screening  of  Comprehensive  Remediation  Alternatives 


Exclusionary 
Criteria 


Considerations 


Measure 


Effectiveness 


Government 
Regulations  and 
Guidelines 


Design  Closure 
Criteria 


Does  the  comprehensive  remediation 
alternative  solve  the  problem?  (i.e.  Can  it 
contribute  to  a  significant  attenuation  of 
any  unacceptable  impacts  on  human 
health  or  the  environment  by  way  of 
reducing  contaminant  loads  from  the 
entire  Area?) 

Does  the  comprehensive  remediation 
alternative  conform  to  applicable 
government  regulations  and  guidelines 
relating  to  site  rehabilitation?  (e.g. 
Guideline  for  Use  at  Contaminated  Sites, 
Mining  Act  and  Rehabilitation  Guidelines) 


Yes  -  The  comprehensive  remediation  alternative 
has  the  potential  to  significantly  reduce 
contaminant  loads  to  the  environment. 
No  -  The  comprehensive  remediation  alternative 
does  not  have  the  potential  to  significantly  reduce 
contaminant  loads  to  the  environment. 


Yes  -  The  comprehensive  remediation  alternative 
is  more  likely  to  conform. 
No  -  The  comprehensive  remediation  alternative 
is  less  likely  to  conform. 


Will  the  comprehensive  remediation  Yes  -  The  comprehensive  remediation  alternative 

alternative  satisfy  design  closure  criteria     has  the  potential  to  satisfy  design  criteria, 
pertaining  to  site  specific  risk  assessment  No  -  The  comprehensive  remediation  alternative 
of  human  health  and  environmental  has  no  potential  to  satisfy  design  criteria, 

impacts? 


The  detailed  evaluation  of  the  short-listed  comprehensive  remediation  alternatives  was 
completed  by  comparing  them  against  a  series  of  evaluation  criteria  that  not  only  reflected 
the  objectives  of  the  project  but  that  also  captured  the  essence  of  environmental  assessment 
criteria  that  are  commonly  applied  by  the  MOE  when  it  is  required  to  evaluate  impacts 
associated  with  a  given  project.  Appendix  A  illustrates  how  the  detailed  evaluation  criteria 
used  in  the  process  described  here  and  the  environmental  assessment  screening  criteria  are 
related. 

The  detailed  evaluation  criteria  consist  of  four  categories  of  criteria  listed  below.  All  criteria 
carry  equal  weight  in  the  evaluation  process  and  consequently  their  order  of  appearance 
does  not  reflect  the  relative  importance  of  each  criterion. 

•  Technical  Considerations 

-  Reliability 

-  Compatibility  with  existing  system 

-  Ease  of  implementation 

•  Costs 

-  Operation  and  maintenance  costs 

-  Capital  costs 

•  Social  Considerations 

-  Public  acceptance 

-  Risk  to  public 

-  Constraint  for  recreational  use 

-  Negative  impact  to  private  properties 

-  Visual  character  of  the  area 

-  Risk  to  workers 
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•      Natural  Environment 

-  Geochemistry 

-  Terrestrial  habitats 

-  Floodplain 

-  Fish  habitats 

Table  4.3  summarizes  the  intent  of  the  detailed  evaluation  criteria.  Further  descriptions  of 
each  category  of  criteria  are  provided  below. 

Table  4.3 

Detailed  Evaluation  Criteria-  Comprehensive  Remediation  Alternatives 


Criteria 


Considerations 


Measure 


Technical  Considerations 


Reliability 


Compatibility  with 
Existing  System 


Ease  of 
Implementation 


Costs 

Operation  & 
Maintenance  Costs 


Capital  Costs 


Social  Considerations 

Public  Acceptance 


Risk  to  Public 


Ability  of  the  alternative  to 
satisfactorily  control 
discharge  quality  on  a 
regular  and  reliable  basis 

Ability  of  the  alternative  to 
adapt  to  the  existing  site 
conditions  and  system 

Ability  of  the  alternative  to 
be  easily  implemented  from 
a  technical  perspective  (e.g. 
land  availability,  timing, 
approval  requirements) 


Relative  measure  of  O&M 
costs  compared  to  other 
alternatives 


Relative  measure  of  capital 
costs  compared  to  other 
alternatives 


The  potential  for  the 
comprehensive  remediation 
alternative  to  be  accepted  by 
the  public 


The  potential  for  the 
comprehensive  remediation 
alternative  to  create  a  risk  to 
public  safety 


Good  -  Very  reliable,  few  performance  problems 

Fair  -  Somewhat  reliable,  some  performance 

problems 

Poor  -  Not  reliable,  many  performance  problems 

Good  -  Very  compatible,  few  technical  problems 

Fair  -  Somewhat  compatible,  some  technical 

problems 

Poor  -  Not  compatible,  many  technical  problems 

Good  -  Easily  implemented,  few  problems 

Fair  -  Somewhat  easily  implemented,  some 

problems 

Poor  -  Not  easily  implemented  many  problems 

encountered 


High  -  Relatively  high  operating  and  maintenance 

costs 

Moderate  -  Relatively  moderate  operating  and 

maintenance  costs 

Low  -  Relatively  low  operating  and  maintenance 

costs 

High  -  Relatively  high  capital  costs 
Moderate  -  Relatively  moderate  capital  costs 
Low  -  Relatively  low  capital  costs 


High  -  Minimal  or  no  potential  for  some  reservation 

from  the  public 

Moderate  -  Potential  for  some  reservation  from  the 

public 

Low  -  Potential  for  significant  reservation  from  the 

public 

High  -  Potential  for  significant  risk  to  public  safety 
Moderate  -  Potential  for  some  risk  to  public  safety 
Low  -  Potential  for  low/no  risk  to  public  safety 
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Table  4.3 

Detailed  Evaluation  Criteria-  Comprehensive  Remediation  Alternatives 


Criteria 


Considerations 


Measure 


Constraint  for 
Recreational  Use 


Negative  Impact  to 
Private  Properties 


Visual  Character  of  the 
Area 


Risk  to  Workers 


Natural  Environment 

Geochemistry 


Terrestrial  Habitats 


Floodplain 


Fish  Habitats 


The  potential  for  the 
comprehensive  remediation 
alternative  to  create 
constraints  for  recreational 
opportunities 

The  potential  for  the 
comprehensive  remediation 
alternative  to  produce  a 
negative  impact  to  private 
properties 

The  potential  for  the 
comprehensive  remediation 
alternative  to  impact  the 
visual  character  of  the  area 


The  potential  for  the 
comprehensive  remediation 
alternative  to  create  a  risk  to 
workers 


The  potential  for  the 
alternative  to  improve  the 
geochemistry  of  the  area 

The  potential  of  an 
alternative  to  improve 
terrestrial  habitats 


The  potential  of  the 
alternative  to  disrupt/intrude 
upon  the  floodplain 


The  potential  of  the 
alternative  to  cause 
disturbance  to  or  loss  of 
fisheries  habitat 


High  -  Potential  for  significant  constraints  on 

recreational  opportunity 

Moderate  -  Potential  for  some  constraints  on 

recreational  opportunity 

Low  -  Minimal  or  no  constraints  for  recreational 

opportunity 

High  -  potential  for  significant  negative  impact  to 

surrounding  private  properties 

Moderate  -  potential  for  some  negative  impacts  on 

surrounding  private  properties 

Low  -  minimal  or  no  negative  impacts  on 

surrounding  private  properties 

High  -  Potential  to  severely  impact  the  visual 

character  of  an  area 

Moderate  -  Potential  to  have  some  impacts  on  the 

visual  character  of  an  area 

Low  -  Minimal  impacts  on  the  visual  character  of  an 

area 

High  -  Potential  for  significant  risk  to  workers 
Moderate  -  Potential  for  some  risk  to  workers 
Low  -  Potential  for  low/no  risk  to  workers 


High  -  High  potential  to  improve  the  geochemistry 

Moderate  -  Some  potential  to  improve  the 

geochemistry 

Low  -  Low  potential  to  improve  the  geochemistry 

Good  -  Potential  to  significantly  improve  terrestrial 

habitats 

Fair  -  Potential  to  somewhat  improve  terrestrial 

habitats 

Poor  -  Minimal  or  no  improvement  to  terrestrial 

habitats 

High  -  Potential  to  disrupt/intrude  upon  floodplain 

resulting  in  potentially  significant  impacts  to  the 

system. 

Moderate  -  Potential  to  cause  some  disturbance  or 

intrusion  into  floodplain;  impacts  less  severe 

Low  -  Minimal/no  disturbance;  alternative  offers  the 

opportunity  to  "cleanup"  floodplain. 

High  -  Potential  to  cause  disturbance  or  loss  of 

significant  area  of  fisheries  habitat,  significant 

compensation  measures  required; 

Moderate  -  Potential  to  cause  some  disturbance  or 

loss  of  fisheries  habitat,  some  mitigation  required; 

Low  -  Minimal  disturbance  or  no  loss  of  fisheries 

habitat 


4.5.1     Technical  Considerations 

The  first  technical  criterion  dealt  with  the  comprehensive  remediation  alternative's  technical 
reliability  in  mitigating  human  health  and  environmental  impacts  from  the  area.  Surface 
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water  runoff  and/  or  groundwater  discharge  have  been  identified  as  the  main  loading 
sources  for  the  influx  of  arsenic  and  metals  to  the  Moira  River  and  Young's  Creek.  The 
ability  to  reduce  the  contact  between  the  groundwater  and  the  wastes  or  redirect  the 
groundwater  cross  flow  along  with  other  water  inputs  to  the  area  also  form  the  basis  for  the 
evaluation  of  the  comprehensive  remediation  alternative's  reliability.  The  ability  of  the 
alternative  to  satisfactorily  control  discharge  on  a  regular  and  reliable  basis  over  the  long 
term  was  considered  paramount.  These  discharges  and  water  inputs  can  be  reduced  by 
selecting  or  combining  some  of  the  following  design  principles: 

Reducing  the  amount  of  precipitation  that  infiltrates  into  the  impacted  materials 

Reducing  the  amount  of  groundwater  contacting  the  impacted  materials 

Lowering  the  static  groundwater  table  below  the  lower  horizon  of  impacted  materials 

Intercepting  surface  water  runoff  and  divert  the  flow  away  from  the  impacted  materials 

Minimizing  the  onsite  retention  time  of  any  uncontaminated  water 

Reducing  the  contact  area  of  the  impacted  materials 

Placing  the  wastes  above  the  water  table 

Reducing  the  rate  at  which  water  moves  through  the  wastes 

The  second  criterion  examined  the  comprehensive  remediation  alternative's  ability  to 
operate  in  tandem  with  existing  systems  operating  at  the  site,  if  present,  notably  the  existing 
groundwater  pumping  and  arsenic  treatment  system  in  the  Industrial  Area. 

Finally,  the  ease  to  construct  and  implement  the  comprehensive  remediation  alternative  was 
examined  as  a  precursor  to  following  criteria.  Issues  such  as  sufficient  workspace,  available 
technologies  and  complexity  were  addressed. 

4.5.2  Costs 

The  second  category  of  criteria  used  for  the  evaluation  of  rehabilitation  alternatives  was 
costs.  Capital,  construction,  and  operation  and  maintenance  costs  (O&M)  for  the 
comprehensive  remediation  alternatives  were  considered  relative  to  each  other.  Costs  were 
based  upon  the  engineering  complexity  and  work  required  to  implement  the  alternative. 

Costs  were  estimated  on  the  basis  of  conceptual  remediation  plans  derived  from  the 
conceptual  remediation  alternatives  identified  earlier  in  this  process.  Budgetary  estimates 
were  calculated  for  this  evaluation  process  and  meant  to  provide  an  indication  of  the 
magnitude  of  the  cost  associated  with  each  comprehensive  remediation  for  comparison 
purposes  only.  The  cost  estimates  are  presented  in  2002  dollars. 

4.5.3  Social  Considerations 

Criteria  in  this  category  addressed  the  ability  of  the  remediation  alternatives  to  meet  social 
needs  and  expectations  such  as  future  recreational  use  of  the  property,  impacts  of  the  works 
on  private  property  and  the  overall  visual  character  of  the  site. 

An  important  step  in  evaluating  the  alternatives  was  the  ability  to  mitigate  the  threat  to 
human  health.  The  risk  to  human  health  was  considered  for  the  general  public, 
rehabilitation  staff  and  workers  involved  in  ongoing  operation  and  maintenance  of  the  site, 
based  on  the  potential  for  acute  and  long-term  effects. 
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4.5.4      Natural  Environment 

This  category  encompasses  all  of  the  natural  environmental  components  not  covered  in  the 
above  subsection.  This  evaluation  examined  the  alternative's  ability  to  improve  or  protect 
the  following: 

•  Geochemistry  (Surface  water  and  groundwater  quality) 

•  Terrestrial  habitats 

•  Floodplains 

•  Fish  habitats 

Figure  4-3  schematically  illustrates  the  process  used  for  the  detailed  evaluation  of  the  short- 
listed comprehensive  remediation  alternatives  to  determine  the  recommended  remediation 
alternative. 

Figure  4-3 

Evaluation  of  Comprehensive  Remediation  Alternatives-  Schematic  Diagram 

Comprehensive 

Remediation  Alternatives 

[Long  List) 


Exclusionary 
Criteria 


Unsatisfied  Satisfied 
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Using  Detailed  Evaluation 

Criteria 


Identification  of 
Recommended  Remediation 

ii954aAR05oi-E042oo2oo2Kwo  Alternative 


4.6      Summary 


The  strategic  direction  of  the  Deloro  Mine  Site  Cleanup  Project  in  the  early  1990s  was  to 
manage  wastes  onsite.  Based  on  the  overall  project  objective,  which  is  to  mitigate  any 
unacceptable  impacts  on  human  health  and  the  environment,  a  process  was  developed  to 
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generate  "reasonable"  comprehensive  remediation  alternatives  for  the  area.  The  system 
relied  on  the  use  of  exclusionary  criteria  to  identify  conceptual  remediation  alternatives  that 
may  be  applicable  for  the  area.  It  also  allowed  for  the  development  of  enhancing 
environmental  protection  features  that  could  augment  the  level  of  protection  offered  by  any 
given  remediation  alternative. 

Following  the  generation  of  a  long  list  of  comprehensive  remediation  alternatives,  each 
alternative  was  evaluated  against  two  sets  of  criteria  to  identify  a  recommended 
remediation  alternative.  This  evaluation  of  the  alternatives  against  the  first  set  of  criteria 
resulted  in  a  short  list  of  comprehensive  remediation  alternatives  that  was  evaluated  in 
greater  detail  using  the  second  set  of  criteria  (i.e.  the  detailed  evaluation  criteria).  The  latter 
criteria  provided  a  more  detailed  level  of  comparison  of  each  alternative  with  respect  to  the 
others  and  allowed  the  selection  of  a  recommended  remediation  alternative  for  the  area. 

An  alternative  was  recommended  that  satisfied  the  greatest  number  of  criteria  and  provided 
the  greatest  value  to  MOE  based  on  the  professional  judgement  of  the  CH2M  HILL  team. 
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The  development  and  evaluation  of  remediation  alternatives  for  the  Industrial  Area  is 
driven  by  the  closure  objectives  discussed  in  the  following  section. 

5.1  Remedial  and  Closure  Objectives 

The  following  closure  objectives  developed  for  the  Industrial  Area  reflect  the  overall 
remedial  objectives  for  the  Deloro  site,  as  stated  in  Section  4.2: 

1.  Develop  a  rehabilitation  closure  plan  supported  by  a  Site  Specific  Risk  Assessment 
(SSRA) 

2.  Develop/implement  risk  reduction  plans  according  to  site-wide  priorities 

3.  Removal  of  wastes  and  residues  from  the  area  impacted  by  the  design  flood  event 

4.  Provide  flood  protection  for  wastes/ residues  outside  the  design  flood  event 

5.  Manage  radioactive  materials  to  reduce  radiation  at  ground  surface  to  background 

levels 

6.  Cover  and  grade  wastes/ residues  with  material  suitable  to  minimize  infiltration 

7.  Isolate  wastes/ residues  to  eliminate,  to  the  extent  possible,  releases  to  the  environment 
according  to  the  site-wide  priorities 

8.  Co-manage  wastes  of  similar  risk  (i.e.  consolidate  higher  risk  wastes  and  provide  a 
suitably  high  degree  of  containment) 

9.  Design  life  for  engineered  facilities  consistent  with  accepted  design  practice 

5.2  Identification  of  Conceptual  Remediation  Methods 

Extensive  evaluation  of  remediation  alternatives  for  the  Industrial  Area  has  been  completed 
by  J.L.  Richards  &  Associates  Ltd.  (Richards,  1990).  The  current  work  by  CH2M  HILL  is 
intended  to  confirm  and  refine  rather  than  duplicate  this  previous  evaluation. 

As  described  in  Section  4.3,  the  first  step  in  the  generation  of  remediation  alternatives  for  the 
Industrial  Area  consisted  in  identifying  conceptual  remediation  methods  that  have  been 
applied  in  similar  situations.  The  conceptual  remediation  methods  that  were  identified  for 
the  Industrial  Area  are: 

Do  nothing 

Recycling/  mineral  recovery 

Enhanced  groundwater  collection 

Stabilization/  solidification 

Consolidate  and  cover 

Cap/ cover  in  place 
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•  Divert  groundwater/ surface  water  flow 

•  Full  encapsulation 

•  Full  encapsulation  and  contaminant  leaching 


Each  of  these  conceptual  remediation  methods  is  described  in  general  terms  below: 

5.2.1  Do  Nothing 

This  method  consists  of  not  modifying  current  site  conditions  in  any  way  and  as  such,  it 
does  not  constitute  a  "genuine"  conceptual  remediation  method.  However,  the  "do 
nothing"  scenario  is  typically  considered  in  evaluation  schemes  such  as  this  one  because  it 
helps  determine  current  site  conditions  in  terms  of  contaminant  release  pathways,  exposure 
routes  and  contaminant  loading.  It  constitutes  a  baseline  against  which  other  conceptual 
methods  can  be  compared. 

5.2.2  Recycling/Mineral  Recovery 

The  basic  concept  of  this  method  is  to  attempt  to  recover  minerals/ metals  of  potential 
economic  value  (i.e.  arsenic,  cobalt,  copper,  nickel,  and  silver)  from  the  mining  and  refining 
wastes  located  in  the  Industrial  Area.  The  intent  of  the  method  is  to  decrease  the  volume  of 
waste  that  currently  exists  at  the  site  (by  removing  the  valuable  fraction)  and  to  generate 
funds  through  the  sale  of  recovered  minerals/ metals.  These  funds  could  then  be  applied  to 
the  cleanup  effort.  This  conceptual  remediation  method  requires  the  installation  and 
operation,  onsite,  of  a  mobile  processing  plant. 

5.2.3  E  nhanced  G  rou  ndwater  C  ollection 

The  principle  of  this  conceptual  remediation  method  is  to  augment  the  surface  area  over 
which  groundwater  is  currently  being  extracted,  specifically  from  the  downgradient 
(i.e.  eastern)  section  of  the  Industrial  Area.  This  method  involves  the  construction  of 
additional  overburden  and  bedrock  pumping  wells  to  intercept  a  greater  proportion  of  the 
arsenic  impacted  groundwater  that  currently  migrates  to  the  Moira  River.  In  this  scenario, 
collected  groundwater  is  piped  to  the  equalization  storage  basin. 

5.2.4  Stabilization/Solidification 

This  conceptual  remediation  method  involves  the  addition  of  a  binding  agent  into  the 
wastes.  The  function  of  the  binding  agent  is  to  immobilize  the  waste,  minimize  its  hydraulic 
conductivity  (by  filling  in  the  pore  space)  and  ultimately  its  leachability.  A  typical  binding 
agent  is  a  combination  of  Portland  cement  and  various  additives.  Research  is  currently 
being  conducted  with  other  types  of  binding  agents  such  as  bitumen. 

The  approximate  potential  volume  of  waste  that  would  be  subjected  to  this  remediation 
alternative  is  13,800  m3  as  follows: 

•  6,200  m3  of  calcium  arsenite  currently  exposed  in  the  central  section  of  the  Industrial 
Area  (Witteck,  1986) 

•  2,400  m3  of  calcium  arsenite  based  on  limited  observations  by  others  of  white  powdery 
material  in  borehole  GA  12  (Golder,  1988) 

•  Up  to  5,200  m3  of  fill  overlying  the  2,400  m3  of  material  described  above  (Golder,  1988) 
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Stabilization/  solidification  processes  can  be  adapted  to  suit  site-specific  conditions  either 
in-situ  or  ex-situ.  Several  sub-methods  are  succinctly  described  below: 

•  In-Situ  Stabilization/Solidification.  The  in-situ  process  consists  of  mixing  the  wastes, 
while  they  are  in  place,  with  a  slurry  of  Portland  cement  using  either  powerful,  large 
diameter  (order  of  a  few  meters)  augers  or  other  excavation  equipment. 

•  Ex-Situ  Stabilization/Solidification.  The  ex-situ  process  requires  excavation  of  the 
wastes,  mixing  of  the  wastes  with  a  cement  slurry  in  a  rotary  mixer  and  pouring  of  the 
mixture  into  forms  to  create  blocks  of  solidified  wastes.  The  blocks  are  subsequently 
buried  in  a  containment  cell  onsite  or  offsite. 

•  Ex-Situ  Offsite  Stabilization/Solidification.  A  variation  of  the  ex-situ  process  described 
above  involves  the  excavation  of  the  wastes  and  their  offsite  solidification  and  disposal 
at  a  licensed  site. 

5.2.5  Consolidate  and  Cover 

Another  conceptual  remediation  method  that  was  considered  is  the  excavation  and 
consolidation  of  the  most  impacted  materials  of  the  Industrial  Area  in  one  portion  of  the  site 
with  the  construction  of  an  engineered  cover  over  that  portion  of  the  site.  The  goals  of  this 
method  are  to  minimize: 

•  Contact  between  surface  water  runoff  and  the  wastes 

•  Infiltration  of  precipitation  into  the  wastes 

•  Subsequent  contaminant  leaching  and  migration  to  the  Moira  River 

•  Offsite  migration  of  contaminants  by  wind  transport 

In  this  case,  the  footprint  of  the  wastes  is  reduced  significantly,  which  further  minimizes  the 
potential  for  contact  between  surface  water,  infiltrated  water  and  the  wastes.  This,  in  turn, 
further  reduces  the  potential  for  contaminant  load  transfer  to  the  environment.  The  less 
impacted  portions  of  the  Industrial  Area  would  be  covered  with  a  simple  clay  cap.  Under  this 
method,  the  use  of  heavy  earth  moving  equipment  is  required  at  the  site,  not  only  to  construct 
the  cap  and  engineered  cover  but,  first  and  foremost,  to  excavate  and  consolidate  the  wastes.  It 
is  anticipated  that  special  health  and  safety  measures  will  have  to  be  implemented  to  ensure 
the  protection  of  onsite  workers  and  the  general  public  during  operations  involving  handling 
of  the  wastes. 

5.2.6  Cap/Cover  in  Place 

This  conceptual  remediation  method  involves  the  installation  of  simple  clay  caps  over  the 
less  impacted  portions  of  the  site  and  the  construction  of  engineered  covers  over  the  most 
impacted  areas  of  the  Industrial  Area.  Both  clay  caps  and  engineered  covers  would 
ultimately  be  vegetated.  The  goal  of  this  method  is  the  same  as  the  'consolidate  and  cover' 
option  in  terms  of  minimizing  contaminant  load  to  the  environment.  However,  the 
remediation  can  be  completed  with  minimal  waste  handling.  This  method  requires  the  use 
of  heavy  earth  moving  equipment  on  the  site. 

5.2.7  Divert  Groundwater/Surface  Water  Flow 

This  conceptual  remediation  method  involves  intercepting  unimpacted  groundwater  and 
surface  waters  entering  the  Industrial  Area  through  the  western  and  northern  site 
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boundaries  prior  to  contact  with  the  buried  wastes,  thereby  preventing  contamination  of 
unimpacted  waters.  It  also  serves  to  lower  the  watertable  below  the  base  of  the  wastes, 
minimizing  migration  of  dissolved  contaminants  to  the  Moira  River. 

In  this  method,  water  interception  is  accomplished  through  the  construction  of  a  large 
diameter  subsurface  drain  and  surface  ditch  that  will  be  designed  to  divert  "clean"  ground 
and  surface  water  to  an  existing  surface  water  body  (e.g.  New  Westerly  Creek). 
Construction  of  such  a  drain  involves  the  use  of  heavy  machinery  and  bedrock  blasting  but 
relatively  little  handling  of  buried  wastes. 

5.2.8  Full  Encapsulation 

This  conceptual  remediation  method  requires  the  construction  of  a  state-of-the-art  waste 
containment  cell  in  the  Industrial  Area.  The  method  calls  for  the  excavation  of  all  wastes, 
construction  of  a  composite  engineered  bottom  liner,  the  placement  of  the  excavated  wastes 
into  the  cell  and  the  construction  of  a  composite  engineered  cap  to  permanently  seal  the 
waste  cell.  This  method  requires  extensive  handling  of  the  wastes  using  heavy  equipment 
and  the  development  of  temporary  storage  areas. 

5.2.9  Full  Encapsulation  and  Contaminant  Leaching 

This  method  is  a  variation  of  the  one  described  above  and  is  inspired  by  household  landfill 
sites,  where  leachate  is  re-circulated  through  the  wastes  to  decrease  the  potential 
contaminating  life  span  of  the  landfill  sites.  As  in  the  previous  method,  this  method  calls  for 
the  excavation  and  the  temporary  storage  of  the  existing  wastes  and  the  construction  of  an 
engineered  composite  waste  cell.  However,  the  main  distinction  of  this  method  is  that  water 
is  actually  introduced  into  the  cell  and  allowed  to  percolate  through  the  wastes  to  promote 
leaching  of  the  contaminants.  The  leachate  that  accumulates  on  the  bottom  of  the  cell  would 
be  pumped  to  the  wastewater  treatment  plant  to  remove  dissolved  phase  contaminants  (e.g. 
arsenic).  The  method  requires  extensive  handling  of  the  wastes  using  heavy  equipment  and 
the  development  of  temporary  storage  areas.  It  also  requires  the  installation  of  water 
percolation  and  pumping  equipment.  As  a  function  of  the  nature  and  concentration  of  the 
contaminants  present  in  the  leachate,  modifications  may  have  to  be  implemented  at  the 
existing  wastewater  treatment  plant  to  ensure  that  all  contaminants  are  effectively  removed 
from  the  leachate  prior  to  effluent  discharge  to  the  Moira  River. 

5.3     Screening  of  Conceptual  Remediation  Methods 

The  second  step  used  in  the  generation  of  remediation  alternatives  was  to  compare  the 
conceptual  remediation  methods  described  above  to  the  set  of  exclusionary  criteria  identified 
in  Table  4.1.  As  explained  in  Section  4.3,  these  criteria  were  designed  to  eliminate,  early  in  the 
process,  improbable  conceptual  remediation  methods  for  the  area  under  consideration.  From 
the  nine  conceptual  remediation  methods  listed  above,  only  three  satisfied  the  exclusionary 
criteria  and  were  retained  as  primary  remediation  methods.  Table  5.1  details  the  rationale 
used  to  exclude  the  six  conceptual  remediation  methods  that  were  rejected  as  primary 
remediation  methods. 
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Table  5.1 

Screening  of  Conceptual  Remediation  Methods 


Exclusionary  Criteria 


Conceptual 

Remediation 

Method 


Effectiveness 


Government  Regulations  and 
Guidelines 


Design  Closure  Criteria 


Selected  as  a 
Primary 

Remediation 
Method? 


Selected  as 

Enhancing 

Environmental 

Protection  Feature 

or  Component  of 

Primary? 


Do  Nothing  No  -  Does  not  have  the  No  -  Doing  nothing  would  not 

potential  to  significantly  conform  to  applicable  government 

reduce  contaminant  loads  to  regulations  and  guidelines 
the  environment 


No  -  The  conceptual  remediation  method 
has  no  potential  to  satisfy  design  closure 
criteria  as  main  contaminant  release 
pathways  will  remain  unattenuated 


No 


No 


Recycling/mineral 
recovery 


No  -  Does  not  have  the  Yes  -  Recycling/recovering 

potential  to  significantly  minerals/metals  is  likely  to  conform 

reduce  contaminant  loads  to  to  government  regulations  and 

the  environment  as  the  guidelines. 

market  for  arsenic  (the  main 

contaminant  in  the  Industrial 

Area)  is  non-existent. 

Refined  arsenic  (whatever 

form)  would  still  have  to  be 

"disposed  of"  onsite. 


Yes  -  The  conceptual  remediation  method 
has  the  potential  to  satisfy  design  criteria 


No 


No 


Enhanced  Yes  -  Does  have  the  No  -  Enhanced  groundwater 

groundwater  potential  to  significantly  collection  only  is  less  likely  to 

collection  reduce  contaminant  loads  to  conform  to  applicable  government 

the  environment  regulations  and  guidelines 


No  -  The  conceptual  remediation  method 
has  no  potential  to  satisfy  design  closure 
criteria  as  main  contaminant  release 
pathways  will  remain  unattenuated 


No 


Yes 


Stabilization/  Yes  -  Does  have  the  Yes  -  Stabilizing/solidifying 

solidification  potential  to  significantly  leachable  wastes  is  likely  to 

reduce  contaminant  loads  to  conform  to  government  regulations 

the  environment  as  potential  and  guidelines 

for  contaminant  leaching  is 

greatly  reduced 


No  -  The  conceptual  remediation  method 
has  no  potential  to  satisfy  design  closure 
criteria  (on  its  own)  as  it  can  only  applied 
to  one  waste  type  (calcium  arsenite) 


No 


Yes 


Consolidate  and      Yes  -  Does  have  the  Yes  -  Consolidating  and  covering 

cover  potential  to  significantly  wastes  in  place  is  likely  to  conform 

reduce  contaminant  loads  to  to  government  regulations  and 

the  environment  as  potential  guidelines 

for  contaminant  leaching  is 

greatly  reduced 


Yes  -  The  conceptual  remediation  method 
has  the  potential  to  satisfy  design  criteria 


Yes 


No 
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Table  5.1 

Screening  of  Conceptual  Remediation  Methods 


Exclusionary  Criteria 


Conceptual 

Remediation 

Method 


Effectiveness 


Government  Regulations  and 
Guidelines 


Design  Closure  Criteria 


Selected  as  a 
Primary 

Remediation 
Method? 


Selected  as 

Enhancing 

Environmental 

Protection  Feature 

or  Component  of 

Primary? 


Cap/cover  in  place  Yes  -  Does  have  the  Yes  -  Capping/covering  wastes  in 

potential  to  significantly  place  is  likely  to  conform  to 

reduce  contaminant  loads  to  government  regulations  and 
the  environment  as  potential  guidelines 
for  contaminant  leaching  is 
greatly  reduced 


Yes  -  The  conceptual  remediation  method 
has  the  potential  to  satisfy  design  criteria 


Yes 


No 


Divert  Yes  -  Does  have  the  Yes  -  Diverting  groundwater/ 

groundwater/  potential  to  significantly  surface  water  flow  is  likely  to 

surface  water  flow  reduce  contaminant  loads  to  conform  to  government  regulations 

the  environment  as  potential  and  guidelines 

for  contaminant  leaching  is 

reduced 


No  -  The  conceptual  remediation  method 
has  no  potential  to  satisfy  design  closure 
criteria  as  main  contaminant  release 
pathways  will  remain  unattenuated 


No 


Yes 


Full  encapsulation  Yes  -  Does  have  the  Yes  -  Encapsulating  the  wastes  in 

potential  to  significantly  an  engineered  waste  cell  is  likely  to 

reduce  contaminant  loads  to  conform  to  government  regulations 

the  environment  as  potential  and  guidelines 
for  contaminant  leaching  is 
reduced 


Yes  -  The  conceptual  remediation  method 
has  the  potential  to  satisfy  design  criteria 


Yes 


No 


Full  encapsulation  Yes  -  Does  have  the  No  -  Full  encapsulation  and  Yes  -  The  conceptual  remediation  method  No  No 

and  contaminant     potential  to  significantly  contaminant  leaching  is  less  likely  to  has  the  potential  to  satisfy  design  criteria 

leaching  reduce  contaminant  loads  to  conform  to  applicable  government 

the  environment  regulations  and  guidelines 
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5.  DEVELOPMENT  AND  EVALUATION  OF  ALTERNATIVES 


Primary  remediation  methods  retained  for  the  Industrial  Area  are: 

•  Consolidate  and  cover 

•  Cap/ cover  in  place 

•  Full  encapsulation 

Among  the  six  conceptual  remediation  methods  that  were  rejected  as  primary  remediation 
methods,  three  were  judged  to  be  adequate  as  enhancing  environmental  protection  features. 
They  are  as  follows: 

•  Enhanced  groundwater  collection 

•  Stabilization/  solidification  (selective) 

•  Divert  groundwater/ surface  water  flow 

5.4  Development  of  Comprehensive  Remediation 
Alternatives 

The  last  step  in  generating  the  remediation  alternatives  consisted  of  combining  the  primary 
remediation  methods  and  adding  enhancing  environmental  protection  features  identified 
above. 

In  total,  16  comprehensive  remediation  alternatives  were  generated.  They  are  as  follows: 

1.  Consolidate  and  cover 

a)  Consolidate  and  cover  with  ground  and  surface  water  flow  diversion 

b)  Consolidate  and  cover  with  ground  and  surface  water  flow  diversion  and  selected 
solidification 

c)  Consolidate  and  cover  with  ground  and  surface  water  flow  diversion  and  selected 
offsite  disposal 

d)  Consolidate  and  cover  with  ground  and  surface  water  flow  diversion  and  enhanced 
groundwater  collection 

e)  Consolidate  and  cover  with  ground  and  surface  water  flow  diversion,  selected 
solidification  and  enhanced  groundwater  collection 

f)  Consolidate  and  cover  with  ground  and  surface  water  flow  diversion,  selected  offsite 
disposal  and  enhanced  groundwater  collection 

2.  Cap/  cover  in  place 

a)    with  options  a)  through  f)  as  above 

3.  Full  encapsulation 

a)    Full  encapsulation  and  enhanced  groundwater  collection 

5.5  Screening  of  Comprehensive  Remediation  Alternatives 

Because  all  comprehensive  remediation  alternatives  resulted  from  a  combination  of  primary 
remediation  methods  and/  or  enhancing  environmental  protection  features,  they  were 
evaluated  against  the  second  set  of  exclusionary  criteria  (see  Table  4.2)  for  remediating  the 
entire  Industrial  Area  to  ensure  that  the  addition  of  protection  features  to  the  primary 
remediation  methods  did  not  violate  the  criteria.  A  summary  of  whether  the  comprehensive 
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remediation  alternatives  did  or  did  not  satisfy  these  criteria  is  presented  in  Table  5.2.  In  the 
case  of  the  Industrial  Area,  the  16  comprehensive  remediation  alternatives  satisfied  the 
exclusionary  criteria  and  constitute  the  short  list  of  remediation  alternatives  that  was 
evaluated  in  detail. 

5.5.1      Description  of  Short-Listed  Alternatives 

A  detailed  description  of  the  comprehensive  remediation  alternatives  that  satisfied  the 
exclusionary  criteria  is  provided  below.  Each  description  includes  a  discussion  of  the 
following  points: 

•  Expected  performance  relative  to  dissolved  contaminant  loading  and  the  interim 
Provincial  Water  Quality  Objectives  (PWQO)  in  Young's  Creek  and  the  Moira  River  at 
the  intersection  of  these  water  courses  and  Highway  7 

•  Levels  of  redundancy  offered  by  the  comprehensive  remediation  alternative 

Consolidate  and  Cover  Wastes 

This  comprehensive  remediation  alternative  consists  of  the  reduction  of  the  footprint  of  the 
existing  waste  containing  area.  The  latter  is  approximately  150,000  m2.  Through  excavation 
and  consolidation  of  approximately  220,000  m3  of  various  types  of  wastes,  the  footprint  of 
the  wastes  will  be  reduced  to  an  area  of  approximately  70,000  m2,  which  significantly 
reduces  the  leachate  generating  potential  of  the  waste.  Under  this  scenario,  wastes  will  be 
consolidated  in  the  central  portion  of  the  Industrial  Area  and  protected  by  an  engineered 
cover.  Remaining  areas  of  the  site  will  be  covered  by  a  simple  earth  or  clay  cap. 

An  engineered  cover  is  essentially  a  low  hydraulic  conductivity  barrier  designed  to 
minimize  the  infiltration  of  rainwater  into  the  wastes  and  thereby  reduce  the  contaminant 
loading  of  groundwater  discharging  to  the  Moira  River  via  groundwater.  Experience  has 
shown  that  a  variety  of  capping  designs  will  achieve  a  significant  reduction  in  infiltration. 
Some  designs  have  distinct  cost  advantages  while  others  offer  advantages  in  stormwater 
control,  long-term  reliability  or  design  flexibility.  Cover  selection  factors  include  the  desired 
balance  between  capital  and  construction  costs  and  long-term  operation  and  maintenance 
costs  of  the  cover.  Other  factors  include:  existing  topography,  stormwater  control,  area 
grading,  and  logistical  issues,  such  as  access  for  equipment  and  materials. 

There  exist  several  different  cover  construction  alternatives  depending  on: 

•  Cover  thickness 

•  Texture  and  moisture  of  clay 

•  Soil  moisture  storage  of  cap  materials 

•  Type  of  geosynthetic  membrane  (e.g.  HDPE,  LDPE,  VLDPE,  bentonite  impregnated 
geotextile,  etc.) 

•  Use  of  a  drainage  blanket 

•  Degree  of  compaction 

•  Final  vegetation  type 
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Table  5.2 

Screening  of  Comprehensive  Remediation  Alternatives 


Comprehensive 
Remediation  Alternative 


Exclusionary  Criteria 


Effectiveness 


Government  Regulations  and 
Guidelines 


Selected? 


Design  Closure  Criteria 


Consolidate  and  cover 
wastes 


Yes  -  The  alternative  can  contribute  to  a  significant 
attenuation  of  any  unacceptable  impacts  to  human 
health  and  the  environment  as  it  minimizes  infiltration 
and  subsequent  vertical  water  movement  through  the 
wastes 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has 
conform  to  government  the  potential  to  satisfy 

regulations  and  guidelines  design  criteria 


Yes 


la.  Consolidate  and  cover 
wastes  -  Groundwater/ 
surface  water  flow 
diversion 


Yes  -  The  alternative  can  contribute  to  a  significant 
attenuation  of  any  unacceptable  impacts  to  human 
health  and  the  environment  as  it  minimizes  both 
groundwater  lateral  flow  and  infiltration  and  subsequent 
vertical  water  movement  through  the  wastes 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 
conform  to  government  the  potential  to  satisfy 

regulations  and  guidelines  design  criteria 


lb.   Consolidate  and  cover 
wastes  -  Groundwater/ 
surface  water  flow 
diversion  and  selected 
solidification 


Yes  -  The  alternative  can  contribute  to  a  significant 
attenuation  of  any  unacceptable  impacts  to  human 
health  and  the  environment  as  it  minimizes  both 
groundwater  lateral  flow  and  infiltration  and  subsequent 
vertical  water  movement  through  the  wastes.  It 
provides  an  additional  level  of  protection  via  the 
solidification  of  the  most  leachable  wastes. 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 


conform  to  government 
regulations  and  guidelines 


the  potential  to  satisfy 
design  criteria 


lc.   Consolidate  and  cover 
wastes  -  Groundwater/ 
surface  water  flow 
diversion  and  selected 
offsite  disposal 


Yes  -  The  alternative  can  contribute  to  a  significant 
attenuation  of  any  unacceptable  impacts  to  human 
health  and  the  environment  as  it  minimizes  both 
groundwater  lateral  flow  and  infiltration  and  subsequent 
vertical  water  movement  through  the  wastes.  It 
provides  an  additional  level  of  protection  via  the  offsite 
disposal  of  the  most  leachable  wastes. 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 


conform  to  government 
regulations  and  guidelines 


the  potential  to  satisfy 
design  criteria 


Id.  Consolidate  and  cover     Yes  -  The  alternative  can  contribute  to  a  significant 
wastes  -  Groundwater/    attenuation  of  any  unacceptable  impacts  to  human 
surface  water  flow  health  and  the  environment  as  it  minimizes  both 

diversion  and  enhanced  groundwater  lateral  flow  and  infiltration  and  subsequent 
groundwater  collection     vertical  water  movement  through  the  wastes.  It 
provides  an  additional  level  of  protection  through 
enhanced  groundwater  flow  collection  that  can  reduce 
current  arsenic  loading  rates  to  the  Moira  River. 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 


conform  to  government 
regulations  and  guidelines 


the  potential  to  satisfy 
design  criteria 
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Table  5.2 

Screening  of  Gwprehensive  Reivediation  Alternatives 


Comprehensive 
Remediation  Alternative 


Exclusionary  Criteria 


Effectiveness 


Government  Regulations  and 
Guidelines 


Selected? 


Design  Closure  Criteria 


le.   Consolidate  and  cover 
wastes  -  Groundwater/ 
surface  water  flow 
diversion,  selected 
solidification  and 
enhanced  groundwater 
collection 


Yes  -  The  alternative  can  contribute  to  a  significant 
attenuation  of  any  unacceptable  impacts  to  human 
health  and  the  environment  as  it  minimizes  both 
groundwater  lateral  flow  and  infiltration  and  subsequent 
vertical  water  movement  through  the  wastes.  It 
provides  two  additional  levels  of  protection  via  the 
solidification  of  the  most  leachable  wastes  and 
enhanced  groundwater  flow  collection  that  can  reduce 
current  arsenic  loading  rates  to  the  Moira  River. 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 


conform  to  government 
regulations  and  guidelines 


the  potential  to  satisfy 
design  criteria 


If.    Consolidate  and  cover 
wastes  -  Groundwater/ 
surface  water  flow 
diversion,  selected 
offsite  disposal  and 
enhanced  groundwater 
collection 


Yes  -  The  alternative  can  contribute  to  a  significant 
attenuation  of  any  unacceptable  impacts  to  human 
health  and  the  environment  as  it  minimizes  both 
groundwater  lateral  flow  and  infiltration  and  subsequent 
vertical  water  movement  through  the  wastes.  It 
provides  two  additional  levels  of  protection  via  the 
offsite  disposal  of  the  most  leachable  wastes  and 
enhanced  groundwater  flow  collection  that  can  reduce 
current  arsenic  loading  rates  to  the  Moira  River. 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 


conform  to  government 
regulations  and  guidelines 


the  potential  to  satisfy 
design  criteria 


2.     Cap/cover  in  place 


Yes  -  The  alternative  can  contribute  to  a  significant 
attenuation  of  any  unacceptable  impacts  to  human 
health  and  the  environment  as  it  minimizes  infiltration 
and  subsequent  vertical  water  movement  through  the 
wastes 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has 
conform  to  government  the  potential  to  satisfy 

regulations  and  guidelines  design  criteria 


Yes 


2a.  Cap/cover  in  place  - 
Groundwater/surface 
water  flow  diversion 


Yes  -  The  alternative  can  contribute  to  a  significant         Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 
attenuation  of  any  unacceptable  impacts  to  human  conform  to  government  the  potential  to  satisfy 

health  and  the  environment  as  it  minimizes  both  regulations  and  guidelines  design  criteria 

groundwater  lateral  flow  and  infiltration  and  subsequent 
vertical  water  movement  through  the  wastes 
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Table  5.2 

Screening  of  Gwprehensive  Reivediation  Alternatives 


Comprehensive 
Remediation  Alternative 


Exclusionary  Criteria 


Effectiveness 


Government  Regulations  and 
Guidelines 


Selected? 


Design  Closure  Criteria 


2b.   Cap/cover  in  place  - 
Groundwater/surface 
water  flow  diversion  and 
selected  solidification 


Yes  -  The  alternative  can  contribute  to  a  significant 
attenuation  of  any  unacceptable  impacts  to  human 
health  and  the  environment  as  it  minimizes  both 
groundwater  lateral  flow  and  infiltration  and  subsequent 
vertical  water  movement  through  the  wastes.  It 
provides  an  additional  level  of  protection  via  the 
solidification  of  the  most  leachable  wastes. 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 


conform  to  government 
regulations  and  guidelines 


the  potential  to  satisfy 
design  criteria 


2c.   Cap/cover  in  place  -        Yes  -  The  alternative  can  contribute  to  a  significant 
Groundwater/surface       attenuation  of  any  unacceptable  impacts  to  human 
water  flow  diversion  and  health  and  the  environment  as  it  minimizes  both 
selected  offsite  disposal  groundwater  lateral  flow  and  infiltration  and  subsequent 
vertical  water  movement  through  the  wastes.  It 
provides  an  additional  level  of  protection  via  the  offsite 
disposal  of  the  most  leachable  wastes. 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 


conform  to  government 
regulations  and  guidelines 


the  potential  to  satisfy 
design  criteria 


2d.   Cap/cover  in  place  - 
Groundwater/surface 
water  flow  diversion  and 
enhanced  groundwater 
collection 


Yes  -  The  alternative  can  contribute  to  a  significant 
attenuation  of  any  unacceptable  impacts  to  human 
health  and  the  environment  as  it  minimizes  both 
groundwater  lateral  flow  and  infiltration  and  subsequent 
vertical  water  movement  through  the  wastes.  It 
provides  an  additional  level  of  protection  through 
enhanced  groundwater  flow  collection  that  can  reduce 
current  arsenic  loading  rates  to  the  Moira  River. 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 


conform  to  government 
regulations  and  guidelines 


the  potential  to  satisfy 
design  criteria 


2e.  Cap/cover  in  place  - 
Groundwater/surface 
water  flow  diversion, 
selected  solidification 
and  enhanced 
groundwater  collection 


Yes  -  The  alternative  can  contribute  to  a  significant 
attenuation  of  any  unacceptable  impacts  to  human 
health  and  the  environment  as  it  minimizes  both 
groundwater  lateral  flow  and  infiltration  and  subsequent 
vertical  water  movement  through  the  wastes.  It 
provides  two  additional  levels  of  protection  via  the 
solidification  of  the  most  leachable  wastes  and 
enhanced  groundwater  flow  collection  that  can  reduce 
current  arsenic  loading  rates  to  the  Moira  River. 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 


conform  to  government 
regulations  and  guidelines 


the  potential  to  satisfy 
design  criteria 
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Table  5.2 

Screening  of  Gwprehensive  Reiyediation  Alternatives 


Comprehensive 
Remediation  Alternative 


Exclusionary  Criteria 


Effectiveness 


Government  Regulations  and 
Guidelines 


Selected? 


Design  Closure  Criteria 


2f. 


Cap/cover  in  place  -  Yes  -  The  alternative  can  contribute  to  a  significant 

Groundwater/surface  attenuation  of  any  unacceptable  impacts  to  human 

water  flow  diversion,  health  and  the  environment  as  it  minimizes  both 

selected  offsite  disposal  groundwater  lateral  flow  and  infiltration  and  subsequent 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 


conform  to  government 
regulations  and  guidelines 


the  potential  to  satisfy 
design  criteria 


and  enhanced 
groundwater  collection 


vertical  water  movement  through  the  wastes.  It 
provides  two  additional  levels  of  protection  via  the 
offsite  disposal  of  the  most  leachable  wastes  and 
enhanced  groundwater  flow  collection  that  can  reduce 
current  arsenic  loading  rates  to  the  Moira  River. 


3.     Full  encapsulation 


3a.   Full  encapsulation  - 
enhanced  groundwater 
collection 


Yes  -  The  alternative  can  contribute  to  a  significant         Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has       Yes 
attenuation  of  any  unacceptable  impacts  to  human  conform  to  government  the  potential  to  satisfy 

health  and  the  environment  as  it  completely  isolates  the  regulations  and  guidelines  design  criteria 

wastes  from  surrounding  media. 


Yes  -  The  alternative  can  contribute  to  a  significant 

attenuation  of  any  unacceptable  impacts  to  human  conform  to  government 

health  and  the  environment  as  it  completely  isolates  the  regulations  and  guidelines 

wastes  from  surrounding  media.  It  provides  an 

additional  level  of  protection  through  enhanced 

groundwater  flow  collection  that  can  reduce  current 

arsenic  loading  rates  to  the  Moira  River. 


Yes  -  The  alternative  is  likely  to  Yes  -  The  alternative  has 

the  potential  to  satisfy 


Yes 


design  criteria 
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5.  DEVELOPMENT  AND  EVALUATION  OF  ALTERNATIVES 


Materials  can  also  be  used  in  various  combinations,  such  as  a  clay  cover  underlain  by  a  geo- 
synthetic  membrane  or  drainage  layer.  For  the  Industrial  Area,  two  separate  cover  sections 
are  proposed: 

1.  A  simple  earth  cap  for  areas  where  wastes  have  been  excavated  and  consolidated 
elsewhere 

2.  An  engineered  cover  including  capillary  barriers,  a  geosynthetic  membrane,  subsurface 
drainage,  and  moisture  retention  layers  to  be  placed  over  the  calcium  arsenite  and  other 
highly  leachable  hazardous  wastes. 

Figure  5-1  shows  the  approximate  areal  extent  for  each  of  the  cap  sections.  Each  of  these 
conceptual  cap  designs  is  described  below. 

5.5.2  Simple  Earth  Cap 

In  areas  where  waste  materials  will  have  been  excavated  and  removed,  the  exposed  subsoil 
or  rock  will  be  covered  with  a  minimum  300-mm-thick,  low  permeability  earth  cover. 
Greater  thicknesses  may  be  required  in  areas  where  radioactive  slag  has  been  used  for  con- 
struction fill.  The  cover  fill  will  be  compacted  to  95  percent  standard  Proctor  maximum  dry 
density  at  near-optimum  moisture  contents.  Approximately  300  mm  of  topsoil  or  mulch  will 
be  put  in  place  as  a  surface  cover  in  order  to  support  vegetation.  The  completed  cover  will 
be  seeded  promptly  upon  completion  in  order  to  minimize  erosion. 

In  some  areas,  as  shown  in  Figure  5-1,  the  simple  earth  cap  will  be  constructed  over 
consolidated  wastes  that  are  non-leachable. 

The  purpose  of  the  simple  earth  cover  is  to  provide  a  substrate  for  the  re-establishment  of 
vegetation  and  to  cover  any  erodible  subsoils  or  non-leachable  wastes  that  might  otherwise 
be  exposed. 

5.5.3  Engineered  Cover 

The  proposed  final  site  layout  will  include  a  low  permeability  earth  cover  over  the  leachable 
waste  materials  that  remain  onsite.  It  has  been  estimated  that  infiltration  into  these  wastes 
must  be  reduced  to  less  than  four  percent  of  precipitation  in  order  to  meet  surface  water 
quality  objectives  in  the  Moira  River  under  scenarios  where  the  collection  and  treatment 
system  is  no  longer  operated.  This  level  of  infiltration  reduction  is  beyond  that  achievable 
by  a  simple  compacted  clay  cover  necessitating  some  form  of  engineered  structure. 

There  are  three  means  by  which  infiltration  can  be  reduced  to  less  than  four  percent: 

•  Use  of  a  synthetic  barrier  to  infiltration  such  as  a  geosynthetic  membrane 

•  Intercepting  infiltration  through  the  use  of  subsurface  drainage  structures 

•  Enhancing  evapotranspiration  and  soil  moisture  storage 

Because  calcium  arsenite  is  an  inorganic  contaminant  with  an  indefinite  contaminating 
lifespan,  the  cover  must  be  designed  to  maintain  its  integrity  over  an  extended  time  period 
running  from  centuries  to  millenia.  The  integrity  of  geosynthetic  membranes  cannot  be 
assured  over  such  lengthy  time  periods  and  such  membranes  should,  if  used,  form  a 
component  of  the  cover  structure  rather  than  the  primary  barrier.  Subsurface  drainage 
structures  are  a  desirable  component  of  the  cover  structure  but,  like  geosynthetic 
membranes,  their  long-term  performance  cannot  be  guaranteed. 
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The  proposed  engineered  cover  consists  of  a  compacted  clay  and  topsoil  composite 
structure  incorporating  subsurface  drainage  and  vegetation  (i.e.  poplar  trees). 

The  treed  cover  concept  takes  advantage  of  the  tremendous  potential  water  uptake  of 
hydrophyllic  tree  species  such  as  the  locally  common  poplar  and  red  maple.  Data  from 
modelling  undertaken  by  CH2M  HILL  for  the  Deloro  site  indicate  that,  when  planted  at  an 
average  density  of  one  tree  per  3  m2,  poplar  have  the  potential  to  evapotranspire  up  to 
633.8  mm  of  water  in  a  growing  season  running  from  April  to  November  (CH2M  HILL, 
May  2002).  Average  annual  precipitation  in  the  Deloro  area  is  approximately  900  mm; 
therefore,  theoretically,  a  treed  cover  has  the  potential  to  evapotranspire  most  of  the  annual 
infiltration.  In  reality,  trees  do  not  reach  their  potential  evapotranspiration  because  of  soil 
moisture  deficit  conditions  during  the  dry  summer  months  and  some  infiltration  occurs 
because  precipitation  is  not  evenly  distributed  throughout  the  growing  season. 

In  order  to  minimize  infiltration,  the  cover  material  must  absorb  infiltration  during  the  wet 
spring  months  and  retain  this  moisture  long  enough  to  make  it  available  to  the  deep  rooted 
vegetation  during  the  peak  growing  period  from  May  to  the  end  of  September.  The  cover 
should  also  have  a  high  runoff  coefficient  to  minimize  infiltration  during  spring  runoff  and 
times  of  heavy  precipitation. 

The  conceptual  cover  design  proposed  in  this  comprehensive  remediation  alternative  for  the 
Industrial  Area  incorporates  moisture  retention  layers  to  hold  excess  infiltration  until  it  can 
be  taken  up  by  evapotranspiration  during  the  summer  growing  season.  From  top  to  bottom 
the  cover  components  are: 

•  300  mm  of  topsoil  or  mulch  (support  for  erosion  control  seeding  and  ground  cover) 

•  500  mm  of  compacted  clay  (low  permeability  barrier  to  minimize  infiltration  and 
maximize  runoff) 

•  250  mm  of  sand  cover 

•  A  bentonite-impregnated  geosynthetic  membrane 

•  500  mm  of  clay  bedding  to  protect  the  geosynthetic  membrane  and  serve  as  a  capilliary 
barrier 

The  clay  component  of  the  cover  should  have  an  in-place  hydraulic  conductivity  lower  than 
1  x  106  cm/s  (ideally  1  x  107  cm/s)  and  be  compactible  to  a  minimum  of  95  percent 
standard  Proctor  maximum  dry  density  at  a  near-optimum  moisture  content.  Topsoil 
components  will  have  an  effective  volumetric  moisture  storage  capacity  (difference  of  at 
least  15  percent  between  field  capacity  and  wilting  point)  and  an  in-place  hydraulic  con- 
ductivity of  greater  than  1  x  105  cm/s. 

A  geosynthetic  clay  liner  (GCL)  is  included  as  a  secondary  infiltration  barrier.  The  liner's 
non-woven  outer  geotextile  covers  provide  high  strength  in  tension  and  against  puncture. 
The  inner  layer  of  sodium  bentonite  swells  under  contact  with  moisture  to  provide  a 
hydraulic  barrier.  The  barrier  is  effective  in  resisting  stresses  from  differential  settlement. 

The  completed  cover  will  be  vegetated  with  both  poplar  trees  and  grass.  The  grass  cover  is 
intended  for  short-term  erosion  control  until  the  tree  cover  is  well  established.  With 
maturity,  the  thick  root  systems  of  the  poplar  trees  hold  the  soil  together  and  the  canopy  of 
leaves  shields  the  ground  from  raindrop  impacts  and  consequent  erosion.  When  the  leaves 
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fall  in  the  autumn,  they  contribute  to  the  mulch  at  the  site  and  the  overall  water-holding 
capacity  of  the  system.  A  rougher  ground  surface  develops  and  water  flows  more  slowly 
down  the  slopes.  With  time,  the  cover  becomes  a  mature  forest  with  little  wind  or  water 
erosion  (CH2M  HILL,  May  2002). 

Figures  5-1  and  5-2,  respectively,  show  a  schematic  plan  view  of  the  Industrial  Area  and  a 
typical  cross-section  through  the  engineered  cover  following  the  implementation  of  the 
comprehensive  remediation  alternative. 

Although  this  comprehensive  remediation  alternative  is  expected  to  significantly  reduce 
contaminant  loads  to  the  Moira  River,  it  is  doubtful,  in  the  absence  of  enhancing 
environmental  protection  features,  that  it  will  satisfy  the  interim  PWQO  (MOE,  1994)  for 
dissolved  arsenic  concentration  in  the  waters  of  the  Moira  River  at  the  intersection  of 
Highway  7,  south  of  the  Deloro  Mine  Site. 

Consolidation  of  the  wastes  will  reduce  the  surface  area  over  which  surface  water  infiltration 
may  contact  the  wastes,  this  is  expected  to  result  in  a  significant  decrease  in  the  mass  of 
dissolved  contaminants  that  will  reach  the  watertable.  Furthermore,  the  engineered  cover  and 
simple  earth  caps  will  also  reduce  surface  water  infiltration  into  the  wastes,  transportation  of 
dissolved  contaminants  and  fine  particulates  via  surface  runoff  to  the  Moira  River  as  well  as 
airborne  transportation  of  particulates.  One  significant  contaminant  migration  pathway  that  is 
not  addressed  by  this  comprehensive  remediation  alternative  is  groundwater  flow.  It  has  been 
established  in  previous  studies  that  groundwater  enters  the  western  site  boundary  and  flows 
eastward  through  bedrock,  overburden  and  the  wastes  to  the  Moira  River.  Although  a 
groundwater  collection  and  treatment  system  is  in  use  at  the  site  (see  Section  3.1.1)  which 
reduces  the  volume  of  arsenic-impacted  groundwater  that  reaches  the  Moira  River,  it  is 
suspected  that  the  system  does  not  capture  all  arsenic-impacted  groundwater. 

A  more  effective  way  to  control  groundwater  contaminant  migration  at  the  site  is  to  actually 
minimize  groundwater  contact  with  the  wastes  by  diverting  groundwater  flow  upgradient 
of  the  wastes.  Similarly,  further  reduction  of  potential  infiltration  through  the  engineered 
cover  can  be  obtained  by  diverting  any  surface  water  run-on  from  the  hills  located  in  the 
northern  portion  of  the  Industrial  Area  away  from  the  engineered  cover.  This  enhancing 
feature  is  described  further  below. 

Consolidate  and  Cover  Wastes  -  Groundwater  and  Surface  Water  Flow  Diversion 

This  comprehensive  remediation  alternative  is  similar  to  the  previous  alternative  but  is 
enhanced  by  the  construction  of  a  groundwater  interceptor  trench  along  the  western 
boundary  of  the  Industrial  Area  and  the  construction  of  a  surface  water  interceptor  ditch 
along  the  northern  boundary  of  the  Industrial  Area. 

The  proposed  groundwater  interceptor  trench  will  take  the  form  of  a  ditch  excavated 
through  overburden  and  blasted  into  bedrock  and  will  intercept  groundwater  flowing 
eastward  through  the  western  site  boundary  before  it  contacts  the  buried  wastes.  This  will 
prevent  groundwater  contamination  and  subsequent  contaminant  transport  eastward  to  the 
Moira  River.  Intercepted,  non-impacted  groundwater  will  be  directed  southward  by  gravity 
to  the  existing  New  Westerly  Creek,  which  reaches  the  Moira  River  in  the  southwestern 
portion  of  the  Deloro  Mine  Site.  The  groundwater  interceptor  trench  will  also  lower  the 
watertable  below  the  base  of  the  wastes,  further  decreasing  the  potential  for  contaminant 
dissolution  in  groundwater  and  migration  eastward  towards  the  Moira  River. 
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Similar  to  the  proposed  groundwater  interceptor  trench,  it  is  proposed  that  a  surface  water 
interceptor  ditch  be  constructed  at  the  northern  boundary  of  the  Industrial  Area  to  prevent  any 
surface  water  runoff  from  the  hills  located  to  the  north  of  the  waste  consolidation  area  from 
reaching  the  engineered  cover  thereby  further  minimizing  infiltration  through  the  cover.  The 
ditch  will  trend  east-west  and  is  expected  to  be  relatively  shallow.  It  will  be  excavated  through 
both  overburden  and  bedrock.  Intercepted  surface  water  will  drain  by  gravity  from  the  east  to 
the  west  to  the  groundwater  interceptor  trench,  which  will  drain  to  New  Westerly  Creek. 

Figures  5-3  and  5-4,  respectively,  illustrate  schematic  plan  and  cross-section  views  of  the 
Industrial  Area  after  waste  consolidation  and  covering/ capping  and  construction  of  the 
groundwater  flow  and  surface  water  runoff  diversion  structures. 

The  expected  performance  of  this  comprehensive  remediation  alternative  is  significantly 
more  effective  than  the  previous  alternative.  This  alternative  controls  the  three  main 
pathways  by  which  contaminants  can  be  released  to  the  environment  (i.e.  air,  surface  water 
and  groundwater).  Therefore,  the  implementation  of  this  remediation  alternative  is  likely  to 
satisfy  the  target  interim  PWQO  for  dissolved  arsenic  concentration  at  the  intersection  of  the 
Moira  River  and  Highway  7. 

Consolidate  and  Cover  Wastes  -  Groundwater  and  Surface  Water  Flow  Diversion, 
Selected  Stabilization/Solidification 

This  comprehensive  remediation  alternative  combines  the  characteristics  of  the  previous  one 
and  adds  the  onsite  (ex-situ)  stabilization/ solidification  of  the  13,800  m3  of  calcium  arsenite 
and  calcium  arsenite  impacted  soil/ wastes.  In  this  alternative,  not  only  are  wastes  going  to 
be  consolidated  in  the  central  portion  of  the  Industrial  Area  under  an  engineered  cover,  but 
the  most  leachable,  arsenic  rich  wastes,  will  be  solidified/  stabilized  onsite  using  a  mobile 
treatment  system.  Assuming  that  the  effective  loading  of  calcium  arsenite  in  the  cement 
matrix  is  limited,  to  ensure  long  term  stability  of  the  concrete,  at  10  percent  (mass  of  calcium 
arsenite/ mass  of  concrete  and  aggregate  mix)  and  that  the  density  of  calcium  arsenite  and 
cured  concrete  are  approximately  equal,  the  use  of  the  stabilization/  solidification 
technology  will  effectively  increase  the  volume  of  treated  wastes  by  a  factor  of  10.  Therefore, 
the  volume  of  solidified  arsenic  containing  wastes  could  be  as  high  as  140,000  m3.  In 
addition  to  the  estimate  of  approximately  220,000  m3  of  existing  various  wastes,  the  use  of 
this  technology  would  increase  the  volume  of  onsite  wastes  to  approximately  360,000  m3. 

The  expected  performance  of  this  alternative  in  terms  of  satisfying  the  interim  PWQO  for 
dissolved  arsenic  concentration  at  the  intersection  of  the  Moira  River  and  Highway  7  is  very 
good.  The  main  source  of  arsenic  will  be  stabilized  and  arsenic  leachability  will  be 
minimized,  but  the  transporting  agents  (i.e.  wind,  surface,  and  groundwater)  will  be 
controlled  by  the  construction  of  the  engineered  cover  and  the  surface  water  and 
groundwater  diversion  ditch/ trench. 

Consolidate  and  Cover  Wastes  -  Groundwater  and  Surface  Water  Flow  Diversion, 
Selected  Offsite  Disposal 

This  comprehensive  remediation  alternative  is  almost  identical  to  the  one  described  above. 
However,  it  includes  the  offsite  disposal  of  approximately  13,800  m3  of  calcium  arsenite  and 
calcium  arsenite  impacted  soil/ wastes  to  a  licensed  facility.  The  inclusion  of  selected  offsite 
disposal  is  not  considered  to  be  a  deviation  of  the  strategic  direction  for  the  site  cleanup  as 
the  primary  focus  for  the  remediation  activities  remains  onsite  management  of  the  wastes. 
However,  because  the  calcium  arsenite  waste  constitutes  the  main  source  of  leachable 
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arsenic,  its  transportation  and  offsite  disposal  in  a  licensed  facility  effectively  removes  that 
main  source  of  arsenic  from  the  site  in  perpetuity. 

Selected  offsite  disposal  of  the  calcium  arsenite  and  calcium  arsenite  impacted  soil/ wastes 
will  require  the  consolidation  of  the  "white  powder"  waste  observed  at  surface  and  in 
numerous  boreholes  onto  a  temporary  storage  pad  where  it  will  be  stockpiled  and 
subsequently  loaded  on  licensed  trucks.  The  stockpile  must  remain  covered  at  all  times  to 
prevent  particulate  transport  by  wind  and  leaching  by  precipitation.  This  alternative 
presents  some  significant  health  and  safety  issues  for  onsite  workers  and  the  general  public 
and  will  require  special  measures. 

The  expected  performance  of  this  alternative  in  terms  of  satisfying  the  interim  PWQO  for 
dissolved  arsenic  concentration  at  the  intersection  of  the  Moira  River  and  Highway  7  is  very 
good  because  not  only  will  the  source  of  arsenic  have  been  removed,  but  the  transporting 
agents  (i.e.  wind,  surface,  and  groundwater)  are  controlled  by  the  construction  of  the 
engineered  cover  and  the  surface  water  and  groundwater  diversion  ditch/ trench. 

Consolidate  and  Cover  Wastes  -  Groundwater  and  Surface  Water  Flow  Diversion, 
Enhanced  Groundwater  Collection 

This  comprehensive  remediation  alternative  combines  the  consolidation  of  wastes,  the 
construction  of  an  engineered  cover  over  the  wastes  and  simple  earth  covers  over  exposed 
areas,  a  groundwater  interceptor  trench  and  a  surface  water  interceptor  ditch.  It  also 
incorporates  enhanced  groundwater  collection  downgradient  (i.e.  to  the  east)  of  the  waste 
consolidation  area. 

In  this  comprehensive  remediation  alternative,  it  has  been  assumed  that  three  additional 
groundwater  withdrawal  wells  will  be  installed  east  of  the  waste  consolidation  area  to 
accelerate  the  catchment  of  the  arsenic  groundwater  plume  that  originates  from  the  western 
portion  of  the  Industrial  Area.  It  is  conceived  that  after  the  construction  of  the  engineered 
cover  and  the  diversion  of  ground  and  surface  water  away  from  the  wastes,  the  watertable 
will  drop  in  the  course  of  a  few  years,  below  the  base  of  the  wastes,  leaving  the  wastes  at 
residual  water  saturation  (or  "field  capacity").  From  that  point  on,  the  volume  of  arsenic 
impacted  groundwater  that  will  continue  to  contribute  arsenic  to  the  Moira  River  will  be 
limited  to  the  groundwater  that  has  moved  through  the  wastes  but  that  has  not  yet  reached 
the  existing  groundwater  collection  system  or  the  Moira  River.  The  construction  and 
operation  of  three  additional  pumping  wells  will  enhance  recovery  of  arsenic  impacted 
groundwater  by  increasing  the  surface  area  over  which  groundwater  withdrawal  will  occur. 
This  will  in  turn  reduce  the  period  of  time  required  to  exhaust  (or  deplete)  the  arsenic 
impacted  groundwater  plume. 

The  expected  performance  of  this  alternative  in  terms  of  satisfying  the  interim  PWQO  for 
dissolved  arsenic  concentration  at  the  intersection  of  the  Moira  River  and  Highway  7  is  also 
very  good  as  the  main  pathways  by  which  contaminants  can  be  released  to  the  environment 
are  controlled.  The  engineered  cover  and  simple  earth  cap  will  protect  the  wastes  from  the 
elements  (e.g.  wind  and  surface  water  transport  of  particulates),  minimize  infiltration  of 
precipitation  into  the  wastes  and  groundwater  lateral  flow  through  the  wastes,  and  the 
subsequent  migration  of  dissolved  contaminants  through  groundwater.  Furthermore, 
enhanced  groundwater  collection  would  further  contribute  to  the  reduction  of  current 
arsenic  loading  to  the  Moira  River.  Figure  5-5  shows  a  schematic  plan  view  and  cross- 
section  of  the  Industrial  Area  following  the  implementation  of  this  alternative. 
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5.  DEVELOPMENT  AND  EVALUATION  OF  ALTERNATIVES 


Consolidate  and  Cover  Wastes  -  Groundwater  and  Surface  Water  Flow  Diversion, 
Selected  Stabilization/Solidification,  Enhanced  Groundwater  Collection 

This  comprehensive  remediation  alternative  combines  the  consolidation  of  wastes  and  the 
construction  of  an  engineered  cover  over  the  wastes  and  simple  earth  covers  over  exposed 
areas,  a  groundwater  interceptor  trench  and  a  surface  water  interceptor  ditch.  It  also 
incorporates  the  stabilization/  solidification  of  the  13,800  m3  of  calcium  arsenite  and  calcium 
arsenite  impacted  soil/wastes  and  enhanced  groundwater  collection  downgradient  (i.e.  to 
the  east)  of  the  waste  consolidation  area. 

This  alternative,  with  the  exception  of  selected  offsite  disposal,  includes  all  protection 
features  described  in  the  previous  alternative.  Consequently,  the  expected  performance  of 
the  alternative  with  respect  to  satisfying  the  interim  PWQO  for  dissolved  arsenic 
concentration  at  the  intersection  of  the  Moira  River  and  Highway  7  is  very  good,  both  for 
the  short  and  long  term. 

Consolidate  and  Cover  Wastes  -  Groundwater  and  Surface  Water  Flow  Diversion, 
Selected  Offsite  Disposal,  Enhanced  Groundwater  Collection 

This  last  comprehensive  remediation  alternative  combines  all  of  the  enhancing 
environmental  protection  features  described  above  (with  the  exception  of  the  selected 
stabilization/  solidification)  with  the  primary  remediation  method  of  consolidating  and 
covering  the  wastes.  The  expected  performance  of  this  alternative  to  satisfy  the  interim 
PWQO  for  dissolved  arsenic  at  the  intersection  of  the  Moira  River  and  Highway  7  is  very 
good  for  the  same  reasons  discussed  in  the  previous  paragraphs.  In  this  comprehensive 
remediation  alternative,  however,  the  most  leachable  wastes  (i.e.  the  calcium  arsenite  and 
calcium  arsenite  impacted  soil/wastes)  are  disposed  offsite. 

Cap/Cover  in  Place 

The  next  series  of  comprehensive  remediation  alternatives  are  comparable  to  those 
described  previously.  However,  the  primary  remediation  method  involved  in  the  following 
comprehensive  remediation  alternatives  involves  building  an  engineered  cover  over  the 
location  where  the  presence  of  leachable  wastes  (like  calcium  arsenite)  is  documented  and 
placing  a  simple  earth  cap  over  the  remainder  of  the  Industrial  Area  (without  any 
consolidation  of  similar  waste  types).  The  comprehensive  remediation  methods  that  were 
considered  are  as  follows: 

•  Cap/ cover  in  place 

•  Cap/ cover  in  place  -  Groundwater  and  surface  water  flow  diversion 

•  Cap/ cover  in  place  -  Groundwater  and  surface  water  flow  diversion,  selected 
stabilization/  solidification 

•  Cap/ cover  in  place  -  Groundwater  and  surface  water  flow  diversion,  selected  offsite 
disposal 

•  Cap/ cover  in  place  -  Groundwater  and  surface  water  flow  diversion,  enhanced 
groundwater  collection 

•  Cap/ cover  in  place  -  Groundwater  and  surface  water  flow  diversion,  selected 
stabilization/  solidification,  enhanced  groundwater  collection 
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•     Cap/ cover  in  place  -  Groundwater  and  surface  water  flow  diversion,  selected  off  site 
disposal,  enhanced  groundwater  collection 

Figures  5-6  and  5-7,  respectively,  illustrate  schematic  plan  and  cross-section  views  of  the 
Industrial  Area  and  the  engineered  cover  and  simple  earth  caps. 

The  expected  performance  of  these  comprehensive  remediation  alternatives  is  comparable 
to  the  performance  of  the  comprehensive  remediation  alternatives  developed  using  the 
primary  method  of  consolidating  and  covering  the  wastes  described  previously,  particularly 
for  the  alternatives  relying  on  the  selected  off  site  disposal  and/ or  selected  stabilization/ 
solidification. 

Full  Encapsulation 

This  comprehensive  remediation  alternative  involves  the  construction  of  a  state-of-the-art 
secure  containment  cell  in  the  central  portion  of  the  Industrial  Area.  The  capacity  of  the 
waste  storage  cell  required  to  accept  all  wastes  and  impacted  soil  from  the  Industrial  Area  is 
approximately  220,000  m3.  Such  cells  feature  the  construction  of  engineered  final  cover  and 
base  liner  systems  designed  to  prevent  contaminant  releases.  The  cover  is  typically 
vegetated.  A  typical  final  cover  design  features  150  mm  of  topsoil,  1,000  mm  of  compacted 
fill,  a  300-mm  sand  drainage  layer,  and  a  geosynthetic  clay  liner  to  prevent  infiltration  of 
surface  water.  The  geosynthetic  clay  liner  (GCL)  is  embedded  in  a  500-mm  sand  layer  which 
acts  as  a  grading  and  cushioning  layer.  The  cover  is  designed  to  promote  runoff  and 
evapotranspiration,  thereby  reducing  the  amount  of  precipitation  that  could  come  into 
contact  with  the  wastes  in  the  storage  cell.  The  cover  includes  a  drainage  system  to  intercept 
any  percolating  water  that  does  not  runoff  or  is  not  evapotranspirated  prior  to  reaching  the 
wastes.  This  non-impacted  infiltrating  water  collected  in  the  cover  system  would  be  directed 
to  either  the  New  Westerly  Creek  or  the  Moira  River. 

The  base  liner  system  would  consist  of  a  leachate  collection  system  bedded  in  a  300-mm 
sand  drainage  layer  and  a  composite  clay/ high  density  polyethylene  (HDPE)  liner 
(1,000-mm).  The  leachate  collection  system  would  collect  any  water  that  penetrates  the  cover 
system  and  migrates  through  the  wastes.  The  liquid  collected  by  the  leachate  collection 
system  would  be  collected  in  sumps  and  pumped  to  the  equalization  storage  basin  or 
directly  to  the  onsite  wastewater  treatment  plant. 

The  construction  of  such  a  cell  in  the  Industrial  Area  would  require  significant  double 
handling  of  the  wastes  in  that  area.  The  wastes  would  have  to  be  excavated  and  removed 
from  the  area,  segregated  as  a  function  of  their  physical  and  chemical  characteristics  and 
temporarily  stockpiled  in  an  adequate  location  for  the  duration  of  the  period  required  for 
the  construction  of  the  cell,  and  transported  a  second  time  for  final  disposal  into  the  cell. 
Environmental  controls  such  as  covering  will  be  required  with  respect  to  the  stockpiled 
wastes  to  prevent  particulate  transport  by  wind  and  leaching  by  precipitation. 

The  expected  performance  of  this  alternative  in  terms  of  satisfying  the  interim  PWQO  for 
dissolved  arsenic  concentration  at  the  intersection  of  the  Moira  River  and  Highway  7  is  very 
good  as  the  wastes  would  be  isolated  from  the  environment  and  from  the  media  through 
which  contaminant  migration  could  occur.  Figure  5-8  shows  a  cross-section  through  a 
typical  secure  containment  cell. 
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5.  DEVELOPMENT  AND  EVALUATION  OF  ALTERNATIVES 


Full  Encapsulation  -  Enhanced  Groundwater  Collection 

This  comprehensive  remediation  alternative  combines  the  construction  of  a  state-of-the-art 
secure  containment  cell,  as  described  above,  with  the  construction  of  additional 
groundwater  withdrawal  wells  between  the  western  shoreline  of  the  Moira  River  and  the 
containment  cell.  As  in  the  alternatives  previously  presented,  it  has  been  assumed  that  three 
additional  groundwater  pumping  wells  will  be  installed  east  of  the  waste  storage  cell  to 
accelerate  the  catchment  of  the  arsenic  groundwater  plume  that  originates  from  the  existing 
location  of  the  leachable  wastes.  Following  the  construction  of  the  containment  cell,  the 
volume  of  arsenic  impacted  groundwater  that  will  continue  to  contribute  arsenic  to  the 
Moira  River  will  be  limited  to  the  groundwater  that  has  moved  through  the  wastes  but  that 
has  not  yet  reached  the  existing  groundwater  collection  system  or  the  Moira  River.  The 
construction  and  operation  of  three  additional  pumping  wells  will  enhance  recovery  of 
arsenic  impacted  groundwater  by  increasing  the  surface  area  over  which  groundwater 
withdrawal  will  occur.  This  will  in  turn  reduce  the  period  of  time  required  to  exhaust  (or 
deplete)  the  arsenic  impacted  groundwater  plume. 

The  expected  performance  of  this  comprehensive  remediation  alternative  in  terms  of  its 
potential  to  satisfy  the  interim  PWQO  for  dissolved  arsenic  concentration  at  the  intersection 
of  the  Moira  River  and  Highway  7  is  very  good,  as  not  only  the  main  source  of  dissolved 
arsenic  will  be  "cut  off"  by  building  a  containment  cell  but  the  enhanced  groundwater 
collection  system  should  further  decrease  the  current  load  of  arsenic  to  the  Moira  River. 

5.5.4     Additional  Common  Requirements 

Regardless  of  the  comprehensive  remediation  alternative  that  will  be  implemented  in  the 
Industrial  Area,  the  following  two  aspects  of  the  site  will  require  particular  attention: 

•  Demolition  of  existing  structures 

•  Riverbank  reconstruction  (western  shoreline  of  the  Moira  River  through  the  Industrial 
Area) 

Each  aspect  is  described  below  as  they  are  both  an  integral  part  of  all  comprehensive 
remediation  alternatives  for  the  Industrial  Area  as  described  above. 

Demolition  of  Buildings  and  Infrastructure 

Most  of  the  former  buildings  at  the  Deloro  Mine  Site  have  been  demolished  to  some  extent. 
The  majority  of  the  remaining  buildings  are  currently  unused  and  are  considered  a  potential 
safety  hazard.  Some  of  the  structures,  such  as  the  castings  building,  contain  variable 
quantities  of  waste  material.  There  are  also  several  other  structures  in  various  states  of  ruin. 
Except  for  the  powerhouse  building,  which  might  figure  into  a  potential  heritage  plan  for 
the  site,  none  of  the  buildings  are  considered  to  have  any  future  value  and  their  demolition 
is  planned  as  part  of  the  closure  plans.  All  above-ground  structures  are  to  be  demolished  to 
ground  level  prior  to  the  grading  of  the  site,  with  the  exception  of  the  Arsenic  Treatment 
Plant,  which  will  remain  on  the  site,  and  perhaps  the  concrete  trestle  piers  of  the  former 
primary  treatment  buildings  and  portions  of  the  castings  building  walls,  which  might  also 
figure  into  a  potential  heritage  plan  for  the  site.  Demolition  materials  that  are 
uncontaminated  may  be  used  for  erosion  protection  as  part  of  the  reconstruction  of  the 
riverbank.  Contaminated  demolition  materials  are  to  be  consolidated  and  managed  along 
with  the  bulk  of  the  impacted  fill  materials. 
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In  general,  the  non-contaminated  wood  wastes  are  not  suitable  for  onsite  consolidation 
beneath  an  engineered  cover  structure.  The  following  options  are  currently  proposed  for  the 
handling  of  the  wood  waste: 

•  Size  reduction  using  a  chipper  or  tub  grinder;  the  resulting  product  would  then  be  used 
as  a  conditioner  in  the  topsoil  and  simple  earth  cap 

•  Onsite  consolidation  and  composting  in  a  suitable  area 

In  addition  to  the  buildings  and  infrastructure  ruins,  there  is  a  large  amount  of  rubble  and 
waste  spread  in  small  piles  about  the  Industrial  Area,  which  should  be  collected  to  improve 
the  general  order  of  the  site.  All  of  the  demolition  materials  should  be  size  reduced 
wherever  possible  to  improve  the  compaction  qualities  of  the  material. 

The  buildings  and  building  ruins  that  will  require  demolition  are  listed  below.  Figure  2-2 
shows  the  locations  of  the  structures  as  they  existed  circa  1961. 

Castings  building  (shown  as  Casting  Plant) 

Cobalt  oxide  plant  (shown  as  Cobalt  Oxide  House) 

Cobalt  packer  house  and  plant  dry  building  (not  labelled) 

Arsenic  packing  shed  (shown  as  Bag  House  and  Packing  House) 

Sludge  lagoon  ruins  (shown  as  Nickel  Plant  4  Warehouse  and  Locomotive  Shed) 

Storage  tanks  (not  labelled) 

Primary  treatment  building  (shown  as  Primary  Treatment  Buildings) 

Boarding  houses,  hub,  and  kitchen  (shown  as  Boarding  House,  Hub  and  Kitchen) 

Powerhouse  (shown  as  Power  House) 

Lab  building  (shown  as  Chemistry  Laboratory) 

Old  treatment  plant  (not  labelled) 

Riverbank  Reconstruction 

Bank  remediation  will  be  carried  out  along  those  sections  of  the  Moira  River  where  con- 
taminated material  is  to  be  removed  from  the  existing  bank.  Those  sections  of  the  river  that 
require  removal  of  existing  material  and  subsequent  reconstruction  are  indicated  in 
Figure  5-1.  The  extent  of  the  reconstructed  section  is  approximately  620  metres,  as  noted  in 
the  report  entitled  Deloro  Mine  Rehabilitation  Project,  Riverbank  Reconstruction  Alternatives  for 
the  Industrial  Area,  Final  Report  (CH2M  HILL,  March  2002b). 

The  streambank  reconstruction  methods  will  maintain  the  configuration  of  the  stream  as 
closely  as  possible  to  existing  conditions  of  bank  height,  bank  slope,  and  available  flood 
plain.  Adequate  sediment  and  erosion  protection  procedures  will  be  undertaken  during  all 
phases  of  the  construction  to  ensure  adequate  protection  of  the  stream  habitat. 

The  existing  bank  slopes  vary  from  fairly  gentle  slopes  at  approximately  3:1  to  steep  slopes 
at  1:1  or  near  vertical.  The  bank  material  at  the  toe  of  the  slope  consists  mainly  of  local 
cobble  and  stone  in  a  range  of  sizes.  This  existing  armouring  has  provided  adequate  erosion 
protection  and  prevented  the  river  from  experiencing  any  significant  bank  loss.  The  upper 
bank  along  the  section  of  the  river  designated  for  reconstruction  is,  for  the  most  part,  lightly 
vegetated  with  local  grasses  and  shrubs,  which  provide  additional  erosion  protection  to  the 
top  of  the  bank  during  flood  flows. 
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The  contaminated  material  comprising  the  existing  bank  will  be  removed,  using  standard 
techniques  to  minimize  sediment  suspension  and  transport,  and  stored  onsite  in  a  selected 
location  above  the  100-year  flood  elevation  and  adequately  protected  from  washout  of 
material  through  surface  runoff.  Material  will  be  removed  to  a  minimum  of  5  metres 
distance  from  the  existing  riverbank.  Removal  of  this  material  will  provide  for  adequate 
contaminant  removal  and  allow  subsequent  bank  reconstruction  that  will  ensure  the 
stability  of  the  reconstructed  bank  and  the  protection  of  the  compacted  clay  berm  placed 
adjacent  to  the  contaminated  waste  material  that  will  be  left  in  place  (CH2M  HILL,  March 
2002b). 

5.6     Detailed  Evaluation  of  Short-Listed  Alternatives 

The  16  short-listed  alternatives  identified  were  compared  to  a  set  of  detailed  evaluation 
criteria  that  are  designed  to  sort  the  characteristics  of  the  comprehensive  remediation 
alternatives  to  select  a  recommended  remediation  alternative.  Table  5.3  summarizes  the 
results  of  the  evaluation  process;  details  of  the  evaluation  are  provided  below. 

5.6.1     Technical  Considerations 

Reliability 

This  criterion  evaluates  the  ability  of  the  alternatives  to  satisfactorily  control  the  discharge  of 
arsenic  to  the  Moira  River.  Four  of  the  16  short-listed  comprehensive  remediation 
alternatives  were  evaluated  to  be  either  "poorly"  or  only  "fairly"  reliable;  these  include  the 
following: 

•  Consolidate  and  cover  wastes 

•  Cap/ cover  in  place 

•  Cap/ cover  in  place  -  Groundwater/ surf  ace  water  flow  diversion 

•  Cap/ cover  in  place  -  Groundwater/ surf  ace  water  flow  diversion,  enhanced 
groundwater  collection 

The  remainder  of  the  comprehensive  remediation  alternatives  were  assessed  to  have  the 
potential  to  satisfactorily  control  the  discharge  of  arsenic  to  the  environment.  This  potential 
increases  with  the  increasing  number  of  environmental  protection  features  and  particularly 
with  the  selected  stabilization/ solidification  or  the  selected  off  site  disposal  features  which 
provide  "permanent"  solutions  to  the  presence  of  very  large  quantities  of  leachable  arsenic 
wastes  onsite. 

Compatibility  with  Existing  System 

All  short-listed  comprehensive  remediation  alternatives  are  estimated  to  be  compatible  with 
existing  site  conditions  with  the  exception  of  the  ones  relying  on  the  full  encapsulation 
scenarios.  The  main  reason  for  this  is  that  full  encapsulation  requires  double  handling  of  all 
of  the  waste  materials.  Furthermore,  these  scenarios  require  the  construction  of  temporary 
storage  areas  that  will  protect  the  excavated  materials  from  the  elements  for  the  duration  of 
the  construction  of  the  secure  containment  cell.  Additional  difficulties  associated  with  theses 
scenarios  are  related  to  geotechnical  conditions  of  the  site  in  the  vicinity  of  the  existing 
equalization  storage  basin.  Previous  investigations  (Trow,  1981a&b)  have  shown  that  a 
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bedrock  "high"  exists  in  the  area  where  the  waste  storage  cell  would  be  constructed  and 
that  significant  efforts  were  required  to  dewater  silty  sands  located  in  the  Industrial  Area 
when  the  equalization  storage  basin  was  built  in  the  early  1980s. 

Ease  of  Implementation 

The  ease  with  which  the  various  comprehensive  remediation  alternatives  may  be 
implemented  varies  significantly.  Ease  of  implementation  ranges  from  good  to  very  poor. 
Alternatives  that  require  little,  if  any,  handling  of  wastes  were  deemed  easily  implementable 
(received  a  score  of  "good").  The  alternatives  relying  on  the  primary  remediation  method  of 
cap/ cover  wastes  in  place  fit  under  this  category.  The  ones  that  require  significant  onsite 
handling  of  the  wastes  received  a  score  of  "fair"  when  evaluated  for  this  criterion.  The 
alternatives  that  fall  under  this  category  rely  mainly  on  the  consolidate  and  cover  wastes 
primary  remediation  method  and  the  selected  offsite  disposal  of  the  leachable  calcium 
arsenite  and  calcium  arsenite  impacted  soils/wastes.  The  alternatives  that  were  ranked  as 
"poor"  under  this  criterion  (regardless  of  the  primary  remediation  method  to  which  they  are 
associated)  include  selected  stabilization/ solidification  as  the  introduction  of  a  stabilizing 
agent  into  the  wastes  is  perceived  as  a  significantly  difficult  task.  Finally,  the  full 
encapsulation  scenarios  were  evaluated  to  be  "very  poor"  in  terms  of  the  ease  of 
implementation  because  of  the  numerous  constraints  posed  by  these  scenarios  (e.g.  double 
handling,  very  limited  available  surface  area). 

5.6.2      Costs 

The  capital  and  construction  costs,  the  annual  operation  and  maintenance  costs,  and  the  net 
present  value  costs  associated  with  each  alternative  are  summarized  in  Table  5.3.  The 
breakdown  of  the  various  components  of  the  total  cost  associated  with  each  alternative  is 
detailed  in  Appendix  B;  the  major  assumptions  used  in  the  cost  opinions  are  also  stated  in 
that  appendix.  Because  of  the  uncertainty  in  design  requirements  at  this  conceptual  design 
stage,  all  costs  provided  should  be  considered  as  "cost  opinions"  at  this  stage  to  assist  the 
MOE  in  selecting  between  comprehensive  remediation  alternatives. 

The  capital  costs  associated  with  the  construction  of  the  16  comprehensive  remediation 
alternatives  varies  from  $10,205,500  to  consolidate  and  cover  the  wastes  to  $25,343,500  to 
cap/ cover  the  wastes  in  place  coupled  with  a  groundwater  and  surface  water  flow 
diversion  system,  selected  offsite  disposal  of  the  calcium  arsenite  and  calcium  arsenite 
impacted  soils/ wastes  and  an  enhanced  groundwater  collection  system.  Annual  operation 
and  maintenance  costs  for  these  alternatives  range  from  $838,000  to  $885,000.  The  net 
present  value  of  these  annual  operation  and  maintenance  costs  range  from  $21,175,500  to 
$36,923,500. 

The  net  present  value  calculations  were  based  on  an  assumed  effective  interest  rate  of  5 
percent  and  a  planning  horizon  of  20  years.  The  20-year  period  was  selected  based  on  the 
assumption  that  it  is  a  reasonable  period  for  budgetary  planning  purposes. 
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Table  5.3 

Evaluation  of  Short-Listed  Coivprehensive  Reivehation  Alternatives 


Short-Listed 

Comprehensive 

Remediation  Alternatives 

Detailed  Evaluation  Criteria 

Overall 
Relative 
Measure 

Technical  Considerations 

Costs1 

Social  Considerations 

Natural  Environment 

Reliability 

Compatibility 

with  Existing 

System 

Ease  of 
Implementation 

Annual 
O&M 
Costs 

Capital 

Costs 

(millions) 

Net  Present 

Value  Costs2 

(millions) 

Public 
Acceptance 

(Level  of 
Reservation) 

Risk  to 
Public 

Constraint  for 

Recreational 

Use 

Negative 
Impact  to 

Private 
Properties 

Visual 

Character 

(Impact) 

Risk  to 

Workers 

(Health  and 

Safety) 

Geochemistry 
(Improvement) 

Terrestrial 

Habitats 

(Improvement) 

Floodplain 
(Infringement) 

Fish  Habitats 
(Disruption) 

Consolidate  and  cover  wastes 

Fair 

Good 

Fair 

$838,000 

$10.21 

$21.18 

Moderate 

Moderate 

Low 

Low  to 
Moderate 

Low 

Moderate 

Moderate 

High 

Low 

Low 

Unsatisfactory 

Consolidate  and  cover  wastes 
-  Groundwater/surface 
water  flow  diversion 

Moderate 

Good 

Fair 

$838,000 

$10.43 

$21.41 

Moderate  to 
High 

Moderate 

Low 

Low  to 
Moderate 

Low 

Moderate 

Moderate 
to  High 

High 

Low 

Low 

Satisfactory 

Consolidate  and  cover  wastes 
-  Groundwater/surface 
water  flow  diversion, 
selected  stabilization/ 
solidification 

Good 

Good 

Poor 

$838,000 

$14.67 

$25.64 

High 

Moderate 

Low 

Low  to 
Moderate 

Low 

Moderate 

High 

High 

Low 

Low 

Unsatisfactory 

Consolidate  and  cover  wastes 
-  Groundwater/surface 
water  flow  diversion, 
selected  offsite  disposal 

Good 

Good 

Fair 

$838,000 

$20.12 

$31.09 

High 

Moderate  to 
High 

Low 

Low  to 
Moderate 

Low 

Moderate 

High 

High 

Low 

Low 

Satisfactory 

Consolidate  and  cover  wastes 
-  Groundwater/surface 
water  flow  diversion, 
enhanced  groundwater 
collection 

Moderate 
to  Good 

Good 

Fair 

$849,000 

$10.53 

$21.64 

Moderate  to 
High 

Moderate 

Low 

Low  to 
Moderate 

Low 

Moderate 

Moderate 
to  High 

High 

Low 

Low 

Satisfactory 

Consolidate  and  cover  wastes 
-  Groundwater/surface 
water  flow  diversion, 
selected  stabilization/ 
solidification,  enhanced 
groundwater  collection 

Very 
Good 

Good 

Poor 

$849,000 

$14.76 

$25.87 

High 

Moderate 

Low 

Low  to 
Moderate 

Low 

Moderate 

Very  High 

High 

Low 

Low 

Unsatisfactory 

Consolidate  and  cover  wastes 
-  Groundwater/surface 
water  flow  diversion, 
selected  offsite  disposal, 
enhanced  groundwater 
collection 

Very 
Good 

Good 

Fair 

$849,000 

$20.21 

$31.32 

High 

Moderate  to 
High 

Low 

Low  to 
Moderate 

Low 

Moderate 

Very  High 

High 

Low 

Low 

Satisfactory 

Cap/Cover  in  place 

Poor 

Good 

Good 

$874,000 

$15.16 

$26.60 

Low 

Low 

Low 

Low 

Low 

Low 

Fair 

High 

Low  to 
Moderate 

Low 

Unsatisfactory 

Cap/Cover  in  place  - 

Groundwater/surface  water 
flow  diversion 

Fair 

Good 

Good 

$874,000 

$15.59 

$27.03 

Low 

Low 

Low 

Low 

Low 

Low 

Moderate 

High 

Low  to 
Moderate 

Low 

Unsatisfactory 

Cap/Cover  in  place  - 

Groundwater/surface  water 
flow  diversion,  selected 
stabilization/solidification 

Moderate 

Good 

Poor 

$874,000 

$19.83 

$31.27 

Moderate  to 
High 

Moderate 

Low 

Low  to 
Moderate 

Low 

Moderate 

Moderate 
to  High 

High 

Low  to 
Moderate 

Low 

Unsatisfactory 
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Table  5.3 

Evaluation  of  Short-Listed  Coivprehensive  Reivehation  Alternatives 


Short-Listed 

Comprehensive 

Remediation  Alternatives 

Detailed  Evaluation  Criteria 

Overall 
Relative 
Measure 

Technical  Considerations 

Costs1 

Social  Considerations 

Natural  Environment 

Compatibility 
Reliability     with  Existing 
System 

Ease  of 
Implementation 

Annual 
O&M 
Costs 

Capital 

Costs 

(millions) 

Net  Present 

Value  Costs2 

(millions) 

Public 
Acceptance 

(Level  of 
Reservation) 

Risk  to 
Public 

Constraint  for 

Recreational 

Use 

Negative 
Impact  to 

Private 
Properties 

Visual 

Character 

(Impact) 

Risk  to 

Workers 

(Health  and 

Safety) 

Geochemistry 
(Improvement) 

Terrestrial 

Habitats 

(Improvement) 

Floodplain 
(Infringement) 

Fish  Habitats 
(Disruption) 

Cap/Cover  in  place  - 

Groundwater/surface  water 
flow  diversion,  selected 
offsite  disposal 

Moderate             Good 

Fair 

$874,000 

$25.25 

$36.69 

Moderate  to 
High 

Moderate  to 
High 

Low 

Low  to 
Moderate 

Low 

Moderate 

Moderate 
to  High 

High 

Low  to 
Moderate 

Low 

Satisfactory 

Cap/Cover  in  place  - 

Groundwater/surface  water 
flow  diversion,  enhanced 
groundwater  collection 

Fair                 Good 

Good 

$885,000 

$15.68 

$27.26 

Moderate 

Low 

Low 

Low 

Low 

Low 

Moderate 

High 

Low  to 
Moderate 

Low 

Unsatisfactory 

Cap/Cover  in  place  - 

Groundwater/surface  water 
flow  diversion,  selected 
stabilization/solidification, 
enhanced  groundwater 
collection 

Good                Good 

Poor 

$885,000 

$19.92 

$31.50 

Moderate  to 
High 

Moderate 

Low 

Low  to 
Moderate 

Low 

Moderate 

High 

High 

Low  to 
Moderate 

Low 

Unsatisfactory 

Cap/Cover  in  place  - 

Groundwater/surface  water 
flow  diversion,  selected 
offsite  disposal,  enhanced 
groundwater  collection 

Good                 Good 

Fair 

$885,000 

$25.34 

$36.92 

High 

Moderate  to 
High 

Low 

Low  to 
Moderate 

Low 

Moderate 

High 

High 

Low  to 
Moderate 

Low 

Satisfactory 

Full  encapsulation 

Very  Good        Very  Poor 

Very  Poor 

$838,000 

$11.97 

$22.93 

Moderate  to 
High 

Moderate  to 
High 

Low 

Moderate 

Low 

High 

Very  High 

High 

Low 

Low 

Unsatisfactory 

Full  encapsulation  - 
Enhanced  groundwater 
collection 

Very  Good        Very  Poor 

Very  Poor 

$849,000 

$12.08 

$23.19 

Moderate  to 
High 

Moderate  to 
High 

Low 

Moderate 

Low 

High 

Very  High 

High 

Low 

Low 

Unsatisfactory 

1Capital  costs  include  GST  and  a  15%  contingency  (before  taxes,  overhead,  insurance,  and  bonds)  and  operation  and  maintenance  costs  include  GST  and  a  5%  contingency  (before  taxes). 
See  Appendix  B  for  a  more  detailed  breakdown  including  overhead,  insurance,  and  bond  cost  estimates. 

2Net  present  value  costs  assumed  an  effective  interest  rate  of  5  percent  and  a  time  horizon  of  20  years. 

Note:  Expected  cost  accuracy  is  +50%/-30%. 
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5.6.3      Social  Considerations 

Public  Acceptance 

The  spectrum  of  public  acceptance  of  the  various  comprehensive  remediation  alternatives  is 
very  wide.  The  degree  of  public  acceptance  is  evaluated  to  be  lower  for  the  alternatives  that 
include  fewer  environmental  protection  features  and  stronger  for  the  ones  that  provide 
several  such  features,  particularly  for  the  ones  that  include  features  that  provide  long  term 
solutions  with  respect  to  the  control  of  arsenic  release  to  the  environment  (i.e.  selected 
stabilization/ solidification  and  selected  off  site  disposal). 

Risk  to  Public 

The  risk  to  public  health  and  safety  varies  with  the  degree  of  waste  handling  inherent  to 
each  of  the  comprehensive  remediation  alternatives.  Alternatives  that  require  little  or  no 
handling  of  the  wastes  are  deemed  to  represent  lower  risks  to  the  public.  Such  alternatives 
include  the  following:  selected  stabilization/  solidification  (in-situ),  cap/ cover  wastes  in 
place  (without  environmental  protection  features  that  call  for  waste  handling).  At  the  other 
end  of  the  spectrum,  comprehensive  remediation  alternatives  that  require  extensive  waste 
handling  in  terms  of  additional  environmental  protection  features  (i.e.  selected 
stabilization/  solidification  (ex-situ),  selected  off  site  disposal)  were  evaluated  to  represent  a 
moderate  to  higher  risk  to  public  safety  and  will  require  special  health  and  safety  measures 
during  remediation  work. 

Constraint  for  Recreational  Use 

The  potential  for  the  comprehensive  remediation  alternatives  to  have  an  impact  on 
recreational  activities  is  low,  as  the  Deloro  Mine  Site  is  not  accessible  to  the  public. 
Regardless,  should  that  condition  change  in  the  years  to  come,  the  waste  materials  will 
effectively  be  isolated  by  either  an  engineered  cover  and  simple  earth  caps  or  a  secure 
containment  cell. 

Negative  Impact  to  Private  Properties 

All  comprehensive  remediation  alternatives  are  anticipated  to  have  low  to  moderate  impact 
on  private  properties,  particularly  during  the  implementation  stage  of  the  selected 
alternative.  Examples  of  short-term  impacts  are  noise,  dust  generation  and  increased 
vehicular  traffic.  These  short-term  negative  impacts  are  compensated  by  long-term  positive 
effects  such  as  minimization  and  control  of  contaminant  release  to  the  environment  and 
significant  improvement  to  the  visual  character  of  the  area.  However,  as  it  is  anticipated  that 
a  large  volume  of  soil  and  aggregates  will  be  brought  onsite,  measures  will  have  to  be 
implemented  to  minimize  short-term  disturbances  caused  by  vehicular  traffic  through  the 
Village  of  Deloro  (e.g.  trucking  hours,  use  of  tarps  on  trucks  to  minimize  dust  generation, 
truck  washing  station  at  the  exit  of  the  site,  sweeping  the  road  used  by  trucks  to  haul 
aggregates  as  required  and  compliance  with  municipal  by-laws  governing  noise  and 
construction  site  activity  times). 

Visual  Character  of  the  Area 

All  of  the  comprehensive  remediation  alternatives  will  result  in  a  significant  improvement 
to  the  visual  character  of  the  Industrial  Area. 
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Risk  to  Workers 

Risk  to  the  workers  is  mainly  associated  with  two  sources  in  the  Industrial  Area.  The  first  is 
linked  to  the  use  of  heavy  machinery  used  for  the  consolidation,  covering  and/ or  capping  of 
the  wastes  or  equipment  required  for  the  stabilization/  solidification  of  the  wastes.  The 
second  source  of  risk  is  linked  to  the  potential  exposure  to  contaminants.  Both  risks 
combined  were  evaluated  to  result  in  a  moderate  level  of  overall  health  and  safety  risks. 
Measures  will  have  to  be  implemented  to  minimize  these  risks  such  as  the  proper  use  of 
protective  personal  equipment. 

5.6.4      Natural  Environment 

Geochemistry 

All  comprehensive  remediation  alternatives  described  above  improve  the  geochemistry  of 
the  Industrial  Area.  Comprehensive  remediation  alternatives  that  combine  features  that 
prevent  or  minimize  contact  between  surface  water,  groundwater,  and  the  atmosphere  with 
the  wastes  provide  a  higher  degree  of  improvement  than  the  ones  that  do  not. 

Terrestrial  Habitats 

The  current  state  of  the  terrestrial  habitat  in  the  Industrial  Area  can  be  described  as  poor 
given  that  various  wastes  (slag  covered  calcium  arsenite  pile,  demolition  debris,  slag  etc.) 
cover  a  large  portion  of  the  Area.  With  the  exception  of  the  selected  stabilization/ 
solidification  (as  stand  alone  remediation  alternatives)  scenarios,  the  implementation  of  any 
of  the  comprehensive  remediation  alternatives  is  expected  to  result  in  a  significant 
improvement  of  terrestrial  habitat  conditions  because  all  of  the  alternatives  involve  covering 
and  capping  of  the  wastes  with  the  subsequent  introduction  of  vegetation. 

Floodplain 

All  comprehensive  remediation  alternatives  include  a  similar  work  component  designed  to 
remove  the  wastes  currently  present  in  the  100-year  floodplain  located  on  the  western 
shoreline  of  the  Moira  River  crossing  the  Industrial  Area.  Therefore,  although  the 
implementation  of  any  remediation  alternative  will  cause  short-term  disruption  of  the 
mentioned  section  of  the  floodplain,  the  latter  will  largely  benefit  from  the  remediation 
work. 

Fish  Habitats 

The  comprehensive  remediation  alternatives  described  above  do  not  include  work  directly 
in  fish  habitat;  however,  it  is  expected  that  rehabilitation  of  the  floodplain  as  described 
above  may  have  minimal  impact  on  fish  habitat  adjacent  to  the  work  area  in  the  floodplain. 
Measures  will  have  to  be  implemented  to  effectively  minimize  such  impacts  (e.g.  timing  of 
work,  runoff  and  sediment  control  measures,  etc.).  Ultimately,  work  on  the  floodplain  is 
expected  to  be  beneficial  to  fish  habitat  because  a  significant  proportion  of  the  western 
shoreline  of  the  Moira  River  in  the  Industrial  Area  will  be  "re-naturalized"  as  a  result  of  the 
removal  of  wastes  from  the  floodplain. 
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5.7     Selection  of  Recommended  Remediation  Alternative 

In  light  of  the  information  presented  above,  it  appears  that  the  leaching  of  arsenic  into  the 
environment  at  the  Deloro  Mine  Site  can  be  effectively  controlled  in  the  short-term  to  the 
long-term,  by  limiting  availability  of  the  wastes  to  the  elements  (i.e.  wind,  surface  water, 
and  groundwater),  provided  that  the  necessary  operation  and  maintenance  requirements 
are  addressed  (see  Section  6.2).  Furthermore,  the  basic  principle  of  minimizing  the  footprint 
of  the  wastes,  thereby  reducing  the  potential  area  over  which  leachate  resulting  from  the 
infiltration  of  precipitation  can  occur  while  at  the  same  time  minimizing  the  surface  area  of 
wastes  through  which  groundwater  may  migrate,  is  sound. 

Considering  the  above,  the  following  decisional  aides  were  followed  in  the  selection  of  the 
recommended  alternative: 

•  With  respect  to  "Technical  Considerations"  alternatives  with  a  rating  of  "poor"  or  "fair" 
under  the  criterion  of  "Reliability"  were  judged  unsatisfactory  and  alternatives  with  a 
rating  of  "poor"  under  the  "Compatibility  with  Existing  System"  or  "Ease  of 
Implementation"  criteria  were  also  judged  to  be  unsatisfactory. 

•  As  a  result,  only  six  of  the  comprehensive  remediation  alternatives  were  judged  to  be 
satisfactory. 

The  last  column  in  Table  5.3  (i.e.  Overall  Relative  Measure)  indicates  the  "satisfactory"  and 
"unsatisfactory"  designations  for  the  16  short-listed  comprehensive  remediation  alternatives 
based  on  the  application  of  the  above  decisional  aides.  Table  5.4  summarizes  the  results  of 
the  evaluation  process  for  the  six  satisfactory  comprehensive  remediation  alternatives. 

The  next  step  in  identifying  the  recommended  alternative  involved  the  following  decisional 
aides: 

•  With  respect  to  "Social  Considerations"  alternatives  with  fewer  or  smaller  social  impacts 
were  favored  over  the  ones  with  a  greater  number  or  larger  social  impacts. 

•  With  respect  to  the  "Natural  Environment"  alternatives  with  greater  positive  impacts  on 
the  natural  environment  were  favored. 

•  With  respect  to  "Costs",  the  net  present  value  for  the  six  satisfactory  comprehensive 
remediation  alternatives  was  considered  to  determine  the  most  cost  effective  alternative 
which  provided  an  adequate  level  of  control  of  contaminant  release  to  the  environment. 

•  Finally,  the  potential  to  add  contingency  measures  (if  required)  to  the  satisfactory 
alternatives  was  also  evaluated. 

Several  iterations  of  the  decisional  process  resulted  in  the  selection  of  the  following 
comprehensive  remediation  alternative:  Consolidate  and  cover  wastes  -  Groundwater  and 
Surface  Water  Flow  Diversion.  This  comprehensive  remediation  alternative  is  the  most 
economical  of  the  ones  that  were  evaluated  to  be  satisfactory  at  a  net  present  value  of 
$21,404,500.  In  principle,  it  has  the  potential  to  minimize  contaminant  migration  to  the 
environment  and  is  amenable  to  the  addition  of  contingency  features  if  required. 
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Table  5.4 

Evaluation  of  Short-Listed  Comprehensive  Remediation  Alternatives  wth  Satisfactory  Rating 


Short-Listed 

Comprehensive 

Remediation  Alternatives 

Detailed  Evaluation  Criteria 

Potential  to 

Add 

Contingency 

Measures  (if 

required) 

Overall 
Relative 
Measure 

Technical  Considerations 

Costs1 

Social  Considerations 

Natural  Environment 

Reliability 

Compatibility 

with  Existing 

System 

Ease  of 
Implementation 

Annual 
O&M 
Costs 

Capital 

Costs 

(millions) 

Net  Present 

Value  Costs2 

(millions) 

Public 
Acceptance 

(Level  of 
Reservation) 

Risk  to 
Public 

Constraint 

for 

Recreational 

Use 

Negative 

Impact  to 

Private 

Properties 

Visual 

Character 

(Impact) 

Risk  to 

Workers 

(Health  and 

Safety) 

Geochemistry 
(Improvement) 

Terrestrial 

Habitats 

(Improvement) 

Floodplain 
(Infringement) 

Fish 

Habitats 

(Disruption) 

Recommended  Alternative: 

Consolidate  and  cover 
wastes  -  Groundwater/ 
surface  water  flow 
diversion 

Moderate 

Good 

Fair 

$838,000 

$10.43 

$21.41 

Moderate  to 
High 

Moderate 

Low 

Low  to 
Moderate 

Low 

Moderate 

Moderate 
to  High 

High 

Low 

Low 

Moderate 

Satisfactory 

Consolidate  and  cover  wastes 
-  Groundwater/surface 
water  flow  diversion, 
selected  offsite  disposal 

Good 

Good 

Fair 

$838,000 

$20.12 

$31.09 

High 

Moderate 
to  High 

Low 

Low  to 
Moderate 

Low 

Moderate 

High 

High 

Low 

Low 

Moderate 

Satisfactory 

Consolidate  and  cover  wastes 
-  Groundwater/surface 
water  flow  diversion, 
enhanced  groundwater 
collection 

Moderate 
to  Good 

Good 

Fair 

$849,000 

$10.53 

$21.64 

Moderate  to 
High 

Moderate 

Low 

Low  to 
Moderate 

Low 

Moderate 

Moderate 
to  High 

High 

Low 

Low 

Moderate 

Satisfactory 

Consolidate  and  cover  wastes 
-  Groundwater/surface 
water  flow  diversion, 
selected  offsite  disposal, 
enhanced  groundwater 
collection 

Very 
Good 

Good 

Fair 

$849,000 

$20.21 

$31.32 

High 

Moderate 
to  High 

Low 

Low  to 
Moderate 

Low 

Moderate 

Very  High 

High 

Low 

Low 

Moderate 

Satisfactory 

Cap/Cover  in  place  - 

Groundwater/surface  water 
flow  diversion,  selected 
offsite  disposal 

Moderate 

Good 

Fair 

$874,000 

$25.25 

$36.69 

Moderate  to 
High 

Moderate 
to  High 

Low 

Low  to 
Moderate 

Low 

Moderate 

Moderate 
to  High 

High 

Low  to 
Moderate 

Low 

Moderate 

Satisfactory 

Cap/Cover  in  place  - 

Groundwater/surface  water 
flow  diversion,  selected 
offsite  disposal,  enhanced 
groundwater  collection 

Good 

Good 

Fair 

$885,000 

$25.34 

$36.92 

High 

Moderate 
to  High 

Low 

Low  to 
Moderate 

Low 

Moderate 

High 

High 

Low  to 
Moderate 

Low 

Moderate 

Satisfactory 

1Capital  costs  include  GST  and  a  15%  contingency  (before  taxes,  overhead,  insurance,  and  bonds)  and  operation  and  maintenance  costs  include  GST  and  a  5%  contingency  (before  taxes). 
See  Appendix  B  for  a  more  detailed  breakdown  including  overhead,  insurance,  and  bond  cost  estimates. 

2Net  present  value  costs  assumed  an  effective  interest  rate  of  5  percent  and  a  time  horizon  of  20  years. 

Note:  Expected  cost  accuracy  is  +50%/-30%. 
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6.     Recommended  Remediation  Alternative 


In  the  previous  sections,  comprehensive  remediation  alternatives  were  developed, 
evaluation  criteria  were  identified  and  the  remediation  alternatives  were  evaluated  with 
respect  to  these  criteria  and  site-specific  conditions. 

6.1     Key  Components  of  the  Recommended  Alternative 

The  recommended  alternative  for  meeting  site  closure  objectives  was  based  on  minimizing 
the  footprint  of  the  leachable  wastes  in  the  Industrial  Area,  protecting  these  wastes  from  the 
elements  by  encapsulating  them  under  an  engineered  cover  designed  to  minimize 
infiltration,  and,  by  diverting  groundwater  from  the  wastes  and  surface  water  from  the 
engineered  cover.  Portions  of  the  Industrial  Area  where  less  leachable  wastes  will  remain 
(e.g.  the  slag  and  construction  debris)  will  be  covered  by  a  simple  earth  cap. 

6.1.1  Site  Preparation 

Prior  to  commencing  the  remediation  work,  site  preparation  work  will  be  completed  that 
includes  mobilization  of  equipment  (excavators,  trucks,  site  trailers,  and  other  equipment), 
construction  of  access  roads  and  establishment  of  temporary  services. 

6.1.2  C  onstruction  of  E  ngineered  C  over 

The  preferred  choice  of  engineered  cover  consists  of  layers  of  topsoil,  sand,  and  compacted 
clay  fill  materials  in  combination  with  a  geosynthetic  membrane.  The  topsoil  provides  the 
initial  rooting  medium  for  the  proposed  vegetation.  The  compacted  clay  fill  layer  functions 
as  a  restricting  layer  to  minimize  infiltration  of  water  into  the  wastes.  Based  on  the  findings 
of  previous  work,  it  is  possible,  using  such  a  design,  to  minimize  infiltration  into  the  wastes 
by  maximizing  runoff  and  evapotranspiration. 

6.1.3  Construction  of  Groundwater  and  Surface  Water 
Interceptor  Trench/Ditch  System 

The  addition  of  these  features  to  the  primary  remediation  method  of  building  an  engineered 
cover  over  the  leachable  wastes  is  designed  to  prevent  the  flow  of  groundwater  through  the 
lowest  portion  of  the  consolidated  wastes  by  lowering  the  watertable  below  the  base  of  the 
wastes.  The  current  understanding  of  the  groundwater  flow  system  for  the  vicinity  of  the 
Deloro  Mine  Site  suggests  that  groundwater  flows  from  the  west  to  the  east  across  the 
Industrial  Area.  Therefore,  it  is  anticipated  that  the  construction  of  the  proposed 
groundwater  interception  trench  on  the  western  section  of  the  site  (i.e.  upgradient  of  the 
waste  consolidation  area)  will  intercept  the  main  source  of  groundwater  inflow  to  the 
Industrial  Area.  The  same  rationale  applies  for  the  proposed  surface  water  interception 
ditch  to  be  constructed  to  the  north  of  the  waste  consolidation  area. 
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6.2     Operation  and  Maintenance  Requirements 

Operation  and  maintenance  efforts  under  the  recommended  alternative  will  be  associated 
primarily  with  the  ongoing  operation  of  the  arsenic  groundwater  collection  and  treatment 
system  and  the  disposal  of  sludge  stored  in  the  ferric  arsenate  sludge  lagoon.  Other 
maintenance  efforts  will  include  periodic  maintenance  of  the  simple  earth  cap,  engineered 
cover,  surface  water  interceptor  ditch,  and  reconstructed  riverbank  to  repair  any  erosion 
damage  and  areas  of  vegetative  stress. 

Monitoring  efforts  will  be  focussed  on  the  monitoring  of  surface  water  and  groundwater 
and  biomonitoring,  if  required,  at  selected  locations,  to  evaluate  the  effectiveness  of  the 
recommended  alternative  following  implementation. 

A  detailed  operations  and  maintenance  plan  should  be  established  for  the  recommended 
alternative  following  implementation. 


6.3     Cost  Opinion 


A  breakdown  of  the  estimated  costs  associated  with  the  recommended  alternative  is 
provided  in  Appendix  B  and  is  summarized  below  in  Table  6.1.  The  costing  in  Appendix  B 
has  been  completed  at  the  conceptual  design  level  and  should  be  considered  as  a  "cost 
opinion"  to  assist  in  selecting  a  preferred  alternative.  Costs  can  further  be  defined,  once  the 
preferred  remediation  alternative  has  been  selected  and  a  detailed  design  and  approach  is 
developed. 

Table  6.1 

Estimated  Costs  for  Implementing  Recommended  Alternative 

Cost  Item  Estimated  Cost 

Capital  Cost  Items 

1.  Site  preparation  $204,000 

2.  Demolition  $729,500 

3.  Riverbank  Reconstruction  $852,000 

4.  Consolidate  and  Cover  Wastes  $7,625,000 

5.  Groundwater/Surface  Water  Flow  Diversion  $211,000 

6.  Overhead,  Insurance,  and  Bonds  $813,000 
Total  Capital  Costs  $10,434,500 

Operation  and  Maintenance  Cost  Items  (Annual) 

1.  Plant  Operations  Costs  $550,000 

2.  Sludge  Disposal  Costs  $170,000 

3.  Site  Maintenance  Costs  (Cap  and  General)  $78,000 

4.  Contingency  (5%  for  items  1  to  3)  $40,000 
Total  Annual  O&M  Costs  $838,000 

Net  Present  Value  O&M  Costs  $10,970,000 


Net  Present  Value  of  Capital  and  O&M  Costs  $21,404,500 
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The  net  present  value  costs  presented  above  are  the  sum  of  the  capital  cost  and  the  net 
present  value  of  the  operation  and  maintenance  costs.  The  annual  operation  and 
maintenance  costs  have  been  transformed  to  a  net  present  value  assuming  an  effective 
interest  rate  of  5  percent  and  a  planning  horizon  of  20  years.  The  effective  interest  rate 
includes  inflationary  effects.  It  should  be  noted  that  operation  and  maintenance  effort  and 
costs  will  be  required  beyond  the  20  year  horizon.  The  20-year  period  was  selected  based  on 
the  assumption  that  it  is  a  reasonable  period  for  budgetary  planning  purposes. 

As  shown  above,  the  estimated  capital  cost  for  the  recommended  alternative  is  $10,434,500 
with  annual  operation  and  maintenance  costs  of  $838,000.  The  net  present  value  of  the 
recommended  alternative  is  $21,404,500. 


6.4     Data  Gaps 


The  selection  of  the  recommended  remediation  alternative  is  based  on  the  basic  principle 
that  the  leachable  wastes  from  the  Industrial  Area  should  be  isolated  from  media 
susceptible  to  promote  transport  and  release  of  the  contaminants  to  the  environment. 
However,  considering  the  relative  complexity  of  conditions  in  the  Industrial  Area  (i.e. 
complex  blend  of  wastes  and  impacted  materials,  numerous  geological  and  hydrogeological 
units,  bedrock  outcropping,  etc.),  several  unknowns  must  be  resolved  prior  to  the 
implementation  of  the  recommended,  or  any  other,  remediation  alternative.  These 
unknowns,  referred  to  here  as  data  gaps  are  identified  and  described  below. 

6.4.1  Identification  of  the  Arsenic  Species 

Arsenic  trioxide  (AS2O3  )  was  a  byproduct  of  the  smelting  and  refining  operations 
conducted  at  the  site  up  to  the  late  1950s.  It  was  sold  on  its  own  or  used  onsite  to  make 
pesticides.  Arsenical-based  pesticides  gave  way  to  organic  pesticides  in  the  late  1950s  and, 
as  a  result,  tonnes  of  arsenic  (trioxide)  were  stockpiled  onsite.  It  appears  that,  to  stabilize  the 
arsenic  trioxide,  lime  was  added  to  it  to  form  calcium  arsenite.  The  resulting  compound  was 
stockpiled  on  the  site.  Because  the  formation  of  calcium  arsenite  would  have  required  an 
additional  step  in  the  stabilization  process  it  is  doubtful  that  this  extra  step  (involving  extra 
costs)  would  have  been  taken.  However,  recent  chemical/ mineralogical  identification  work 
performed  on  the  "white  powder"  suggests  that  the  stockpile's  composition  is 
heterogeneous  (there  seems  to  be  an  abundance  of  calcium)  and  that  this  may  have  had  an 
impact  on  the  previous  interpretation  of  analytical  results. 

Because  the  environmental  fate  of  the  "white  powder"  can  only  be  determined  with  some 
degree  of  accuracy  if  its  chemical/ mineralogical  nature  is  known,  work  to  establish  these 
characteristics  should  be  conducted  prior  to  any  remediation  work.  Furthermore,  because  of 
its  high  toxicity  and  the  fact  that  it  was  once  manufactured  at  the  site,  the  analytical  work 
performed  on  the  "white  powder"  should  include  a  determination  of  its  arsenic  content. 

6.4.2  B  ioavailability  of  the  C  ontaminants  Present  in  the  Waste  Streams 

The  primary  objective  of  any  remediation  alternative  is  to  minimize  human  health  and 
ecological  risk  by  isolating,  neutralizing  or  transforming  contaminants.  The  level  of  risk 
associated  with  the  presence  of  the  wastes  in  the  Industrial  Area  is  not  necessarily  correlated 
to  the  arsenic  concentration  of  the  wastes  but  it  is,  in  fact,  governed  by  the  degree  of 
bioavailability  of  the  contaminants  present  in  the  wastes.  Measurements  of  contaminant 
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bioavailability  should  consequently  be  conducted  on  the  main  waste  streams  present  in  the 
Industrial  Area  (e.g.  "white  powder",  slag,  impacted  fill,  gold  mine  tailings,  and  others)  and 
integrated  in  the  Site  Specific  Risk  Assessment  (SSRA)  studies  currently  being  conducted. 
Two  recent  methods  that  rely  on  iterative  sequential  chemical  (acidic)  extractions  are 
currently  used  in  this  field  to  determine  bioavailability.  They  are  known  as  the  Sequential 
Selective  Extraction  Method  and  the  Gastric  Fluid  Model.  Discussions  should  be  held  with 
regulatory  agencies  prior  to  conducting  bioavailability  studies  to  ensure  that  they  will  be 
completed  in  conformity  with  the  expectations  of  the  agencies. 

Results  of  the  bioavailability  studies  may  translate  into  substantial  cost  savings  for  the 
implementation  of  the  selected  remediation  alternative  particularly  if  it  is  demonstrated  that 
the  bioavailability  of  certain  wastes  is  low  or  negligible. 

6.4.3  Detailed  Groundwater  Modelling 

One  of  the  key  features  of  the  recommended  remediation  alternative  involves  the 
construction  of  a  groundwater  flow  diversion  trench  at  the  western  property  boundary  of 
the  Industrial  Area  to  maintain  the  watertable  in  the  area  where  the  wastes  will  be 
consolidated  below  the  base  of  the  wastes.  It  is  known  that  geological  and  hydrogeological 
parameters  in  the  Industrial  Area  are  complex,  resulting  from  both  natural  and  constructed 
conditions.  Because  watertable  elevation  control  is  very  important  to  the  recommended 
alternative,  detailed  groundwater  modelling  of  current,  and  post-remediation  conditions 
should  be  conducted  in  conjunction  with  the  development  of  detailed  cleanup  plans.  The 
potential  to  create  vertically  upward  hydraulic  gradients  under  the  waste  consolidation  area 
should  be  investigated  as  well  as  the  impact  of  a  relatively  deep  groundwater  interception 
trench  on  private  wells  located  in  the  vicinity  of  the  site.  This  may  require  acquisition  of 
additional  field  data  (e.g.  groundwater  levels,  additional  monitoring  well  nests,  etc.). 

Likewise  the  exact  number  and  location  of  additional  groundwater  pumping  wells  (to  build 
an  enhanced  groundwater  withdrawal  system  for  instance)  will  only  be  determined  as  a 
result  of  such  a  modelling  exercise. 

6.4.4  Long-Term  Solidification/Stabilization  of  the  "White  Powder" 

The  recommended  alternative  has  the  potential  to  satisfy  the  closure  objectives  for  the 
Industrial  Area.  Unfortunately  the  nature  of  the  most  leachable  arsenic  containing  wastes  is 
such  that  the  potential  environmental  problems  associated  with  their  presence  will  not 
decrease  with  time  and,  consequently,  the  engineered  cover  and  groundwater  and  surface 
water  interception  trench/ ditch  will  require  periodic  maintenance  work  in  perpetuity  (or 
until  a  commercial  technology  becomes  available  to  permanently  dispose/ treat/ transform 
these  wastes). 

As  part  of  this  update  to  the  remediation  alternatives  for  the  Industrial  Area,  CH2M  HILL 
has  repeatedly  attempted  to  quantify  costs  associated  with  the  onsite  stabilization/ 
solidification  (in-situ  and  ex-situ)  of  the  up  to  14,000  m3  of  white  powder  (calcium  arsenite) 
and  white  powder  impacted  wastes  and  soil.  A  recurrent  difficulty  has  prevented 
CH2M  HILL  from  performing  this  task  in  a  detailed  fashion.  The  difficulty  in  question 
stems  from  the  lack  of  data  about  the  treatability  of  the  particular  arsenic  containing  wastes. 
Vendors  of  the  stabilization/ solidification  technology  re-iterated  that  cost  estimates 
provided  were  derived  from  experience  with  a  multitude  of  contaminants/ waste  types  and 
should  be  regarded  as  Class  "D"  estimates  only.  (A  Class  "D"  estimate  is  based  upon  a 
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statement  of  general  requirements  and  an  outline  of  a  conceptual  solution.  It  is  an  order  of 
magnitude  estimate  with  a  degree  of  accuracy  of  +50%/-30%.)  Furthermore,  information 
provided  by  a  research  scientist,  member  of  the  Technical  Advisory  Committee  retained  for 
the  completion  of  this  update,  suggests  that  typical  loads  of  wastes/ contaminants  into 
stabilization/  solidification  agents  may  be  significantly  smaller  for  the  arsenite/ arsenate 
waste  present  at  the  Deloro  Mine  Site  than  typical  loads  of  other  contaminants  more 
commonly  dealt  with  by  vendors  in  the  industry.  This  implies  that  to  ensure  the  final 
stability  of  the  arsenite/ arsenate  waste/ stabilizing  agent  mix,  the  actual  proportion  of  the 
waste  into  the  mix  may  have  to  be  as  low  as  10  percent  (typically  waste  concentrations  in  the 
waste/ stabilizing  agent  mix  can  be  as  high  as  80  percent  to  95  percent),  which  in  turn 
implies  that  the  actual  volume  of  stable  but  dilute  waste  generated  by  this  process  could  be 
as  high  as  ten  times  the  original  volume  of  waste.  However,  the  above  remains  somewhat 
speculative  until  laboratory  stabilization/  solidification  tests  are  performed  on 
representative  samples  of  the  arsenite/ arsenate  wastes.  Additional  detailed  information 
would  be  required  to  determine  the  exact  physical  conditions  of  the  waste  materials  buried 
onsite  as  this  has  significant  bearing  on  the  applicability  of  in-situ  technologies  and  the  need 
for  pre-treatment  should  onsite,  ex-situ  applications  be  considered.  Filling  the  data  gaps  is 
particularly  relevant  if  the  MOE  wishes  to  have  all  elements  necessary  to  perform  a  more 
detailed  analysis  of  the  cost/benefit  ratio  of  this  technology. 

6.5     Demolition  of  Existing  Buildings  and  Infrastructure 

A  number  of  buildings  must  be  demolished  as  part  of  the  Deloro  Mine  Site  Cleanup.  The 
following  is  a  brief  description  of  the  demolition  work  that  is  required. 

6.5.1      Castings  Building 

The  largest  of  the  remaining  structures  is  the  castings  building.  The  35  m  by  43  m  brick 
building  rests  on  a  sloping  concrete  foundation.  The  interior  of  the  building  is  fabricated 
with  open  web  steel  joists  to  support  the  roof  and  wide  flange  steel  columns  to  sustain  the 
weight  of  the  building  envelope.  All  of  the  glass  has  been  removed  from  the  window 
openings.  The  roof  is  constructed  of  a  timber  deck  over  timber  stringers  and  has  partially 
collapsed  in  some  areas.  Although  the  castings  building  has  been  identified  by  the  MOE  as 
one  of  the  buildings  for  heritage  potential,  the  majority  of  the  structure  is  unusable  and 
requires  demolition.  However,  heritage  usage  may  involve  the  restoration  of  portions  of  the 
walls. 

There  is  potential  to  recycle  much  of  the  demolition  debris  from  this  building.  It  is  possible 
for  a  contractor  to  maintain  control  over  mixing  of  the  recoverable  scrap  metals  with  wood 
waste  and  brick  rubble.  Several  waste  drums  and  several  bags  of  lime  remain  within  the 
building:  these  should  be  removed  and  either  disposed  offsite  or  crushed,  consolidated  and 
managed  onsite  with  wastes  of  similar  character. 

The  eastern  addition  (metals  plant)  of  the  castings  building  has  already  been  demolished. 
An  excavator  with  an  experienced  operator  would  be  capable  of  sorting  through  the  existing 
rubble  and  recovering  several  loads  of  scrap  metal. 

Sections  of  the  floor  are  located  over  a  crawl  space.  Where  possible,  the  floor  should  be 
caved  in  to  ensure  that  the  best  possible  compaction  is  achieved  during  construction.  The 
crawl  spaces  may  have  to  be  filled  with  a  controlled  low  strength  material  to  ensure  they  do 
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not  compromise  the  integrity  of  the  engineered  cap  or  create  any  preferential  pathway  for 
groundwater  flow. 

6.5.2  Cobalt  Oxide  Plant 

Several  concrete  structures  remain  from  the  cobalt  oxide  plant,  which  covered  an  area  of 
approximately  62  m  by  46  m.  Thick  diamond  meshed  reinforced  concrete  foundation  mem- 
bers were  left  standing  from  the  original  demolition.  These  structures  have  many  conduits 
and  open  void  spaces.  The  void  space  will  need  to  be  eliminated  to  ensure  proper 
compaction  can  be  achieved.  This  will  likely  involve  the  combined  effort  of  small  explosive 
devices  and  an  excavator  with  a  hydraulic  breaker  to  demolish  the  remains  to  ground  level. 

6.5.3  Cobalt  Packer  House  and  Plant  Dry  Building 

Brick  rubble  and  wood  waste  is  all  that  remains  of  these  two  buildings.  A  borehole  in  this 
area  uncovered  what  seems  to  a  lense  of  calcium  arsenite.  Test  results  indicate  arsenic  con- 
centrations of  2,800  ppm  in  this  area. 

6.5.4  Arsenic  Packing  Shed 

The  arsenic  packing  shed  has  already  been  demolished.  A  large  amount  of  wood  waste  is 
present  in  this  area. 

6.5.5  Sludge  Lagoon  Ruins 

The  remains  of  three  foundations  are  located  adjacent  to  the  east  side  of  the  active  ferric 
arsenate  sludge  lagoon.  These  foundations  must  be  removed  to  ground  level  and 
consolidated. 

6.5.6  Storage  Tanks 

There  are  two  metal  storage  tanks  that  have  been  recessed  into  concrete  vaults.  The  tanks 
need  to  be  pumped,  cleaned,  and  removed.  The  surrounding  concrete  storage  vaults  will 
need  to  be  demolished  to  grade  or  completely  removed.  A  third  tank  remains  beside  the 
former  cobalt  oxide  plant  foundation.  This  tank  will  need  to  be  cut,  crushed,  or  removed 
from  the  site  as  is. 

6.5.7  Primary  Treatment  B  uilding 

Several  heavy  demolition  tasks  will  take  place  in  this  area.  In  order  to  ensure  proper  grade 
slopes,  all  structures  above  the  198  masl  (refinery  slab)  grade  line  must  be  demolished.  The 
eleven  concrete  trestle  piers  on  the  former  primary  treatment  building  slab  have  been 
identified  by  the  MOE  for  heritage  potential.  The  trestle  piers  are  heavily  reinforced 
concrete  and  span  a  total  distance  of  97-m.  Should  it  be  determined  that  the  trestle  piers  will 
not  be  preserved,  the  demolition  work  should  probably  allow  for  the  use  of  an  excavator 
with  a  hydraulic  breaker  assembly  without  any  significant  preparatory  work  being 
performed.  The  remains  of  the  elevator  shaft  should  be  demolished  to  the  ground.  The  shaft 
will  also  need  to  be  pumped  and  filled  with  grout  to  seal  the  void.  The  shaft  is 
approximately  5  m  deep  and  will  need  a  retaining  wall  at  the  bottom  to  restrict  the  flow  of 
grout  to  the  shaft.  Small  support  walls  and  non-structural  members  are  present  at  the  north 
end  of  the  deck.  These  will  also  need  to  be  demolished  to  grade.  A  parapet  lines  the  eastern 
and  interior  walls.  This  parapet  will  require  removal  in  order  to  establish  a  level  surface. 
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A  suspended  slab  is  present  at  the  east  end  of  the  primary  treatment  area.  The  portion  of  the 
slab  that  is  overhanging  the  lower  wall  is  being  held  in  place  by  corrugated  plate  and  wide 
flange  beams.  The  beams  can  be  recycled  and  the  fallen  slab  could  be  consolidated  with  the 
rest  of  the  waste  materials.  The  remainder  of  the  slab  has  been  set  on  a  checker  plate  base 
supported  by  wide  flange  beams.  The  remainder  of  the  slab  should  be  removed  along  with 
its  corresponding  metal  members. 

There  is  a  receiving  bay  at  the  northeast  end  of  this  building  area.  The  walls  are 
approximately  0.5  m  wide  and  heavily  reinforced.  These  walls  will  need  to  be  demolished 
until  there  is  no  threat  of  the  void  space  compromising  the  engineered  cap  function. 

6.5.8  Boarding  Houses,  Hub,  and  Kitchen 

Concrete  foundations  remain  from  the  former  boarding  houses  near  the  Deloro  falls.  These 
foundations  can  be  easily  reduced  to  ground  level.  Much  of  the  area  has  been  littered  with 
empty  barrels  and  piles  of  slag.  The  barrels  should  be  crushed  in  order  to  reduce  volume. 
They  can  then  either  be  recycled  or  consolidated.  The  slag  should  be  consolidated  in  the 
central  Industrial  Area. 

A  36  m  by  15  m  concrete  slab  and  lower  wall  still  remain  of  the  Hub  dining  room.  The  slab 
was  poured  over  the  bedrock  outcrop  adjacent  to  the  road  leading  to  the  Tuttle  Shaft.  It  may 
be  possible  to  cap  the  remains  of  the  Hub  in  place. 

6.5.9  Powerhouse 

The  powerhouse  is  a  two-storey,  free-standing  building  constructed  of  cut  limestone  blocks. 
The  building  measures  8.5  m  by  11  m.  The  northwest  corner  of  the  building  shows  signs  of 
minor  differential  settlement.  The  powerhouse  is  one  of  the  buildings  which  has  been 
identified  by  the  MOE  for  heritage  potential.  Should  it  be  determined  that  it  will  not  be 
preserved,  the  limestone  blocks  can  be  crushed  and  used  as  fill  onsite. 

6.5.10  Lab  Building 

The  lab  building  has  already  been  demolished.  It  was  a  two-storey,  flat-roofed  building 
constructed  of  concrete  blocks,  brick,  and  clay  tiles.  The  dimensions  of  the  building  were 
21  m  by  20  m.  The  wood  waste  can  be  separated  from  the  other  materials  and  perhaps  size 
reduced  in  a  tub  grinder.  The  remaining  waste  can  be  consolidated.  A  concrete  foundation 
remains  and  can  be  removed  by  use  of  an  excavator  with  a  hydraulic  breaker.  This  location 
will  require  the  foundation  to  be  completely  removed.  The  foundation  is  on  bedrock  and  the 
location  is  close  in  proximity  to  the  main  entrance. 

6.5.11  Old  Treatment  Plant 

This  one  storey  wood  structure  held  a  ferric  chloride  tank  for  the  original  treatment  of  the 
arsenic  bearing  waters.  The  building  is  approximately  10  m  by  20  m  and  should  be 
demolished  to  ground  level.  All  the  wood  wastes  can  be  disposed  of  in  a  manner  similar  to 
that  mentioned  above. 
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Table  A.1 

Relationship  Between  Detailed  Evaluation  Criteria  and  Environmental  Assessivent  Screening  Criteria 


Environmental  Assessment  Screening 
Criteria 

Detailed  Evaluation  Criteria 

Social  Considerations 

Natural  Environment 

Public  Acceptance 

Risk  to  Public 

Constraint  for 
Recreational  Use 

Negative  Impact  to 
Private  Properties 

Visual  Character 
of  the  Area 

Risk  to  Workers 

Geochemistry 

Terrestrial 
Habitats 

Floodplain 

Fish  Habitats 

Affect  air  quality 

X 

X 

X 

X 

X 

X 

Affect  water  quality  or  quantity  (ground  or 
surface) 

X 

X 

Affect  species  at  risk  or  their  habitat 

X 

X 

Affect  significant  earth  or  life  science 
features 

X 

X 

X 

X 

Affect  fish  or  other  aquatic  species, 
communities,  or  habitat 

X 

X 

Include  or  use  land  subject  to  natural  or 
human-made  hazards 

Affect  the  recovery  of  a  species  under  a 
special  management  program  (e.g.  elk 
restoration) 

Affect  ecological  integrity 

X 

X 

X 

X 

Affect  terrestrial  wildlife  or  habitat, 
linkages  or  corridors  (including  movement 
of  resident  or  migratory  species) 

X 

X 

Affect  natural  vegetation  and  habitat 
through  fragmentation 

X 

X 

X 

Affect  permafrost 

Affect  drainage,  sedimentation  or  erosion 

X 

X 

Release  contaminants  in  soils,  sediments 

X 

X 

X 

X 

X 

X 

Create  excessive  waste  materials 

X 

Affect  areas  of  natural  and  scientific 
interest  or  provincially  significant  wetlands 

X 

X 

X 

Affect  other  (specify) 

Affect  remoteness  (access  to  inaccessible 
areas) 

Affect  or  obstruct  navigation 

X 

X 

X 

Affect  other  projects  within  a  park  or 
reserve 

Affect  other  projects  outside  a  park  or 
reserve 

X 

X 

X 

X 

X 

Affect  traffic  patterns 

X 

X 
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Table  A.1 
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Environmental  Assessment  Screening 
Criteria 

Detailed  Evaluation  Criteria 

Social  Considerations 

Natural  Environment 

Public  Acceptance 

Risk  to  Public 

Constraint  for 
Recreational  Use 

Negative  Impact  to 
Private  Properties 

Visual  Character 
of  the  Area 

Risk  to  Workers 

Geochemistry 

Terrestrial 
Habitats 

Floodplain 

Fish  Habitats 

Affect  public  or  private  recreation 

X 

X 

X 

X 

Commit  a  significant  amount  of  a  non- 
renewable resource  (e.g.  aggregates) 

X 

Affect  noise  levels 

X 

X 

X 

X 

Affect  views  or  aesthetics 

X 

X 

X 

Be  a  precondition  or  justification  for 
implementing  another  project 

Affect  uses,  persons  or  property  outside 
park  or  reserve 

X 

X 

X 

X 

X 

X 

X 

Affect  other  (specify) 

Affect  cultural  heritage  or  landscape 
features 

X 

X 

X 

Displace  people,  businesses,  institutions, 
or  public  facilities 

X 

Affect  community  character,  enjoyment  of 
property,  or  local  amenities 

X 

X 

X 

X 

X 

Increase  demands  on  government 
services  or  infrastructure 

Affect  public  health  and/or  safety 

X 

X 

X 

Affect  local  economies 

X 

Affect  local  businesses 

X 

Affect  other  (specify) 

Affect  First  Nation  reserves  or 
communities 

Affect  spiritual,  ceremonial  or  cultural  sites 

Affect  traditional  land  or  resource  uses,  or 
affect  economic  activities 

Affect  Aboriginal  values 

Affect  other  (specify) 
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Opinions  of  Probable  Construction  Cost 


In  providing  opinions  of  probable  cost,  MOE  understands  that  CH2M  HILL  has  no  control 
over  the  cost  or  availability  of  labour,  equipment  or  materials,  or  over  market  conditions  or 
the  potential  Contractor's  method  of  pricing.  CH2M  HILL  makes  no  warranty,  express  or 
implied,  that  the  bids  or  the  negotiated  cost  of  the  Work  will  not  vary  from  the  opinion  of 
probable  construction  cost. 

CH2M  HILL  has  made  efforts  to  acquire  area  specific  rates  for  materials,  labour,  and 
equipment  whenever  possible.  The  suitability  of  said  materials  to  the  intended  purposes 
were  not  verified  and  will  need  to  be  determined  prior  to  any  construction  activities.  Where 
a  local  source  or  supplier  could  not  be  identified,  industry  budgetary  tools  such  as  the  R.S. 
Means  Company  Inc.  costing  guide  were  used  to  assign  a  typical  value.  Appropriate 
regional  coefficients  were  applied  where  necessary  to  adjust  the  typical  costs  to  address 
regional  conditions. 

Each  specific  area  of  interest  has  been  examined  as  an  independent  project.  Any  possible 
synergies  associated  with  co-execution  of  various  areas  were  ignored.  Prices  provided 
include  the  federal  Goods  and  Services  Tax  (GST). 

Volumes  and  areas  were  determined  using  existing  available  information.  No  additional 
investigations  were  performed  to  confirm  or  refute  the  estimates.  Some  estimates  such  as 
potential  water  volumes  were  based  on  engineering  experience  from  other  similar  projects. 
Probable  construction  costs  were  based  on  typical  weather  conditions  and  may  require 
adjustments  due  to  extreme  conditions. 

Certain  construction  costs  such  as  overhead,  insurance,  and  various  construction  bonds  will 
vary  based  on  the  potential  Contractor.  Financial  strength,  experience,  and  previous  history 
all  play  a  role  in  determining  the  rates  that  will  be  applied  to  a  particular  Contractor.  These 
sums  were  determined  as  a  percentage  of  the  total  costs  based  on  industry  averages. 

Several  of  the  options  involve  additional  pumping  to  the  arsenic  treatment  plant  located  in 
the  Industrial  Area.  The  application  of  a  varied  number  of  options  over  the  four  main  areas 
will  result  in  increases  and  decreases  of  the  total  treated  water  volume.  At  this  conceptual 
stage  it  is  difficult  to  determine  whether  there  will  be  a  net  increase  or  decrease  to  the 
volume  of  water  to  be  treated.  Therefore,  the  operation  and  maintenance  of  the  arsenic 
treatment  plant  has  only  been  considered  in  the  Industrial  Area  evaluation.  Actual 
operation  and  maintenance  costs  over  the  last  decade  were  used  to  develop  a  weighted- 
average  and  one  standard  deviation  was  added  to  this  value  in  an  effort  to  create  a 
conservative  estimate.  Wastewater  treatment  considerations  for  all  other  areas  were  limited 
to  collection  and  transmission  to  the  equalization  pond  (i.e.  equalization/ storage  basin). 

Finally,  a  15  percent  contingency  was  added  to  the  final  capital  cost  (before  taxes,  overhead, 
insurance,  and  bonds)  and  a  5  percent  contingency  was  added  to  the  final  operation  and 
maintenance  cost  (before  taxes). 
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The  net  present  value  costs  presented  in  the  following  cost  breakdown  are  the  sum  of  the 
capital  cost  and  the  net  present  value  of  the  operation  and  maintenance  costs.  The  annual 
operation  and  maintenance  costs  have  been  transformed  to  a  net  present  value  assuming  an 
effective  interest  rate  of  5  percent  and  a  planning  horizon  of  20  years.  The  effective  interest 
rate  includes  inflationary  effects.  It  should  be  noted  that  operation  and  maintenance  effort 
and  costs  will  be  required  beyond  the  20  year  horizon.  The  20-year  period  was  selected 
based  on  the  assumption  that  it  is  a  reasonable  period  for  budgetary  planning  purposes. 
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Breakdown  of  Major  Cost  Items  for  the 
Comprehensive  Remediation  Alternatives 


Alternative  1 
Consolidate  and  Cover  Wastes 


Alternative  2 

Consolidate  and  Cover  Wastes 

GW/SW  Flow  Diversion 


Alternative  3 

Consolidate  and  Cover  Wastes 

GW/SW  Flow  Diversion 

Selected  Stabilization/Solidification 


Alternative  4 

Consolidate  and  Cover  Wastes 

GW/SW  Flow  Diversion 

Selected  Off  site  Disposal 


Alternative  5 

Consolidate  and  Cover  Wastes 

GW/SW  Flow  Diversion 

Enhanced  Groundwater 

Collection 


A.  Capital  Costs 

Site  Preparation 

Demolition 

Riverbank  Reconstruction 

Full  Encapsulation 

Engineered  Cover  and  Simple  Earth  Cap  (with  Consolidation) 

Engineered  Cover  and  Simple  Earth  Cap  (No  Consolidation) 

Selected  Stabilization/Solidification  (In-Situ,  14,000  m3) 

Selected  Stabilization/Solidification  (Ex-Situ,  14,000  m3) 

Selected  Offsite  Disposal  (14,000  m3) 

Groundwater  and  Surface  Water  Flow  Diversion  (enhancement) 

Enhanced  Groundwater  Collection  (enhancement) 

Subtotal 

Overhead,  Insurance,  and  Bonds 


$204,000 
$729,500 
$852,000 

NA 
$7,625,000 

NA 

NA 

NA 

NA 

NA 

NA 

$9,410,500 
$795,000 


$204,000 
$729,500 
$852,000 

NA 
$7,625,000 

NA 

NA 

NA 

NA 
$211,000 

NA 

$9,621,500 
$813,000 


$204,000 
$729,500 
$852,000 

NA 
$7,625,000 

NA 

NA 
$3,900,000 

NA 
$211,000 

NA 

$13,521,500 
$1,150,000 


$204,000 
$729,500 
$852,000 

NA 
$7,625,000 

NA 

NA 

NA 

$8,900,000 

$211,000 

NA 

$18,521,500 
$1,600,000 


$204,000 
$729,500 
$852,000 

NA 
$7,625,000 

NA 

NA 

NA 

NA 
$211,000 
$88,000 

$9,709,500 
$820,000 


Total  (incl.  Enhancements) 
Total  (excl.  Enhancements) 


$10,205,500 
NA 


$10,434,500 
$10,223,500 


$14,671,500 
$14,460,500 


$20,121,500 
$19,910,500 


$10,529,500 
$10,230,500 


B.  Annual  Operation  and  Maintenance  Costs 

Treatment  Plant  Operations 
Annual  Operating  Costs 
Sludge  Disposal  (assuming  550  tonnes/yr) 

Enhanced  Groundwater  Collection 

Maintenance 
Engineered  Cover  and  Simple  Earth  Cap 
General 

Contingency 
Total 


$550,000 
$170,000 

NA 


$18,000 
$60,000 

$40,000 
$838,000 


$550,000 
$170,000 

NA 


$18,000 
$60,000 

$40,000 
$838,000 


$550,000 
$170,000 

NA 


$18,000 
$60,000 

$40,000 
$838,000 


$550,000 
$170,000 

NA 


$18,000 
$60,000 

$40,000 
$838,000 


$550,000 
$170,000 

$11,000 


$18,000 
$60,000 

$40,000 
$849,000 


Net  Present  Value  of  Annual  O&M  Costs  (20-year  period)  (incl.  Enhancements) 
Net  Present  Value  of  Annual  O&M  Costs  (20-year  period)  (excl.  Enhancements) 


$10,970,000 
NA 


$10,970,000 
NA 


$10,970,000 
NA 


$10,970,000 
NA 


$11,110,000 
$10,970,000 


C.  Net  Present  Value  Capital  and  O&M  Costs 

NPV  of  Capital  and  O&M  Costs  (incl.  Enhancements) 
NPV  of  Capital  and  O&M  Costs  (excl.  Enhancements) 


$21,175,500 
NA 


$21,404,500 
$21,193,500 


$25,641,500 
$25,430,500 


$31,091,500 
$30,880,500 


$21,639,500 
$21,200,500 


All  capital  costs  include  GST  and  a  15%  contingency  (before  taxes,  overhead,  insurance,  and  bonds). 
All  operation  and  maintenance  costs  include  GST  and  a  5%  contingency  (before  taxes). 
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Breakdown  of  Major  Cost  Items  for  the 
Comprehensive  Remediation  Alternatives 


Alternative  6 

Consolidate  and  Cover  Wastes 

GW/SW  Flow  Diversion 

Selected  Stabilization/Solidification 

Enhanced  Groundwater 

Collection 


Alternative  7 

Consolidate  and  Cover  Wastes 

GW/SW  Flow  Diversion 

Selected  Offsite  Disposal 

Enhanced  Groundwater 

Collection 


Alternative  8 
Cap  and  Cover  Wastes  in  Place 


Alternative  9 

Cap  and  Cover  Wastes  in  Place 

GW/SW  Flow  Diversion 


Alternative  10 

Cap  and  Cover  Wastes  in  Place 

GW/SW  Flow  Diversion 

Selected  Stabilization/Solidification 


A.  Capital  Costs 

Site  Preparation 

Demolition 

Riverbank  Reconstruction 

Full  Encapsulation 

Engineered  Cover  and  Simple  Earth  Cap  (with  Consolidation) 

Engineered  Cover  and  Simple  Earth  Cap  (No  Consolidation) 

Selected  Stabilization/Solidification  (In-Situ,  14,000  m3) 

Selected  Stabilization/Solidification  (Ex-Situ,  14,000  m3) 

Selected  Offsite  Disposal  (14,000  m3) 

Groundwater  and  Surface  Water  Flow  Diversion  (enhancement) 

Enhanced  Groundwater  Collection  (enhancement) 

Subtotal 

Overhead,  Insurance,  and  Bonds 


$204,000 
$729,500 
$852,000 

NA 
$7,625,000 

NA 

NA 
$3,900,000 

NA 
$211,000 
$88,000 

$13,609,500 
$1,151,000 


$204,000 
$729,500 
$852,000 

NA 
$7,625,000 

NA 

NA 

NA 

$8,900,000 

$211,000 

$88,000 

$18,609,500 
$1,600,000 


$204,000 
$729,500 
$852,000 

NA 

NA 
$12,190,000 

NA 

NA 

NA 

NA 

NA 

$13,975,500 
$1,180,000 


$204,000 
$729,500 
$852,000 

NA 

NA 
$12,190,000 

NA 

NA 

NA 
$400,000 

NA 

$14,375,500 
$1,214,000 


$204,000 
$729,500 
$852,000 

NA 

NA 
$12,190,000 

NA 
$3,900,000 

NA 
$400,000 

NA 

$18,275,500 
$1,550,000 


Total  (incl.  Enhancements) 
Total  (excl.  Enhancements) 


$14,760,500 
$14,461,500 


$20,209,500 
$19,910,500 


$15,155,500 
NA 


$15,589,500 
$15,189,500 


$19,825,500 
$19,425,500 


B.  Annual  Operation  and  Maintenance  Costs 

Treatment  Plant  Operations 
Annual  Operating  Costs 
Sludge  Disposal  (assuming  550  tonnes/yr) 

Enhanced  Groundwater  Collection 

Maintenance 
Engineered  Cover  and  Simple  Earth  Cap 
General 

Contingency 
Total 


$550,000 
$170,000 

$11,000 


$18,000 
$60,000 

$40,000 
$849,000 


$550,000 
$170,000 

$11,000 


$18,000 
$60,000 

$40,000 
$849,000 


$550,000 
$170,000 

NA 


$54,000 
$60,000 

$40,000 
$874,000 


$550,000 
$170,000 

NA 


$54,000 
$60,000 

$40,000 
$874,000 


$550,000 
$170,000 

NA 


$54,000 
$60,000 

$40,000 
$874,000 


Net  Present  Value  of  Annual  O&M  Costs  (20-year  period)  (incl.  Enhancements) 
Net  Present  Value  of  Annual  O&M  Costs  (20-year  period)  (excl.  Enhancements) 


$11,110,000 
$10,970,000 


$11,110,000 
$10,970,000 


$11,440,000 
NA 


$11,440,000 
NA 


$11,440,000 
NA 


C.  Net  Present  Value  Capital  and  O&M  Costs 

NPV  of  Capital  and  O&M  Costs  (incl.  Enhancements) 
NPV  of  Capital  and  O&M  Costs  (excl.  Enhancements) 


$25,870,500 
$25,431,500 


$31,319,500 
$30,880,500 


$26,595,500 
NA 


$27,029,500 
$26,629,500 


$31,265,500 
$30,865,500 


All  capital  costs  include  GST  and  a  15%  contingency  (before  taxes,  overhead,  insurance,  and  bonds). 
All  operation  and  maintenance  costs  include  GST  and  a  5%  contingency  (before  taxes). 
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Breakdown  of  Major  Cost  Items  for  the 
Comprehensive  Remediation  Alternatives 


Alternative  11 

Cap  and  Cover  Wastes  in  Place 

GW/SW  Flow  Diversion 

Selected  Off  site  Disposal 


Alternative  12 

Cap  and  Cover  Wastes  in  Place 

GW/SW  Flow  Diversion 

Enhanced  Groundwater 

Collection 


Alternative  13 

Cap  and  Cover  Wastes  in  Place 

GW/SW  Flow  Diversion 

Selected  Stabilization/Solidification 

Enhanced  Groundwater 

Collection 


Alternative  14 

Cap  and  Cover  Wastes  in  Place 

GW/SW  Flow  Diversion 

Selected  Off  site  Disposal 

Enhanced  Groundwater 

Collection 


Alternative  15 
Full  Encapsulation 


Alternative  16 

Full  Encapsulation 

Enhanced 

Groundwater 

Collection 


A.  Capital  Costs 

Site  Preparation 

Demolition 

Riverbank  Reconstruction 

Full  Encapsulation 

Engineered  Cover  and  Simple  Earth  Cap  (with  Consolidation) 

Engineered  Cover  and  Simple  Earth  Cap  (No  Consolidation) 

Selected  Stabilization/Solidification  (In-Situ,  14,000  m3) 

Selected  Stabilization/Solidification  (Ex-Situ,  14,000  m3) 

Selected  Offsite  Disposal  (14,000  m3) 

Groundwater  and  Surface  Water  Flow  Diversion  (enhancement) 

Enhanced  Groundwater  Collection  (enhancement) 

Subtotal 

Overhead,  Insurance,  and  Bonds 


$204,000 
$729,500 
$852,000 

NA 

NA 
$12,190,000 

NA 

NA 

$8,900,000 

$400,000 

NA 

$23,275,500 
$1,970,000 


$204,000 
$729,500 
$852,000 

NA 

NA 
$12,190,000 

NA 

NA 

NA 
$400,000 
$88,000 

$14,463,500 
$1,221,000 


$204,000 
$729,500 
$852,000 

NA 

NA 
$12,190,000 

NA 
$3,900,000 

NA 
$400,000 
$88,000 

$18,363,500 
$1,552,000 


$204,000 

$204,000 

$204,000 

$729,500 

$729,500 

$729,500 

$852,000 

$852,000 

$852,000 

NA 

$9,252,000 

$9,252,000 

NA 

NA 

NA 

$12,190,000 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

$8,900,000 

$400,000 

NA 

NA 

$88,000 

NA 

$88,000 

$23,363,500 

$11,037,500 

$11, 125.50C 

$1,980,000 

$932,000 

$950,000 

Total  (incl.  Enhancements) 
Total  (excl.  Enhancements) 


$25,245,500 
$24,845,500 


$15,684,500 
$15,196,500 


$19,915,500 
$19,427,500 


$25,343,500 
$24,855,500 


$11,969,500 
NA 


$12,075,500 
$11,987,500 


B.  Annual  Operation  and  Maintenance  Costs 

Treatment  Plant  Operations 
Annual  Operating  Costs 
Sludge  Disposal  (assuming  550  tonnes/yr) 

Enhanced  Groundwater  Collection 

Maintenance 
Engineered  Cover  and  Simple  Earth  Cap 
General 

Contingency 
Total 


$550,000 
$170,000 

NA 


$54,000 
$60,000 

$40,000 
$874,000 


$550,000 
$170,000 

$11,000 


$54,000 
$60,000 

$40,000 
$885,000 


$550,000 
$170,000 

$11,000 


$54,000 
$60,000 

$40,000 
$885,000 


$550,000 
$170,000 

$11,000 


$54,000 
$60,000 

$40,000 
$885,000 


$550,000 
$170,000 

NA 


$550,000 
$170,000 

$11,000 


$18,000 

$18,000 

$60,000 

$60,000 

$40,000 

$40,000 

$838,000 

$849,000 

Net  Present  Value  of  Annual  O&M  Costs  (20-year  period)  (incl.  Enhancements) 
Net  Present  Value  of  Annual  O&M  Costs  (20-year  period)  (excl.  Enhancements) 


$11,440,000 
NA 


$11,580,000 
$11,440,000 


$11,580,000 
$11,440,000 


$11,580,000 
$11,440,000 


$10,965,000 
NA 


$11,110,000 
$10,970,000 


C.  Net  Present  Value  Capital  and  O&M  Costs 

NPV  of  Capital  and  O&M  Costs  (incl.  Enhancements) 
NPV  of  Capital  and  O&M  Costs  (excl.  Enhancements) 


$36,685,500 
$36,285,500 


$27,264,500 
$26,636,500 


$31,495,500 
$30,867,500 


$36,923,500 
$36,295,500 


$22,934,500 
NA 


$23,185,500 
$22,957,500 


All  capital  costs  include  GST  and  a  15%  contingency  (before  taxes,  overhead,  insurance,  and  bonds). 
All  operation  and  maintenance  costs  include  GST  and  a  5%  contingency  (before  taxes). 


11954SAR060501-E042002002KWO 


